Four-D global reference atmosphere users manual and programmers manual, part 2 by Smith, O. E. et al.
NASA TECHNICAL 
MEMORANDUM 
NASA TM X-64872 
(NASA-Td-X-64872) FOUR-D GLOBAL BEFERENCE N74-33022 ATROSPHERP USERS M A N U A L  A N D  PROGEAMrPDc 
CIAHUAL,  PART 2 (NASA) 213 p HC 
CSCL O4B Unclas 
63/20 48456 
FOUR-D GLOBAL REFERENCE ATMOSPHERE 
USERS MANUAL AND PROGRAMMERS MANUAL 
Part I I  
By C, G. Justus,  A. W. Woodrum, R. G. Roper, 
and 0. E. Smith 
Space Sciences Laboratory 
September 1974 
NASA 
George C. MarJbaZZ Space FZigbt Center 
Mar~hd l l  Space FZz'gbt Center, AZabama 
8 
MSFC - F o r m  3190 (Rev June 1971) 
REPRODUCED BY 
N AT1 ONA 1 TECHNIC A L 
INFORMATION SERVICE - 
US. DEPARlMENT OF COMMERCE 
SPRINGFIElO. VA. 22161 
https://ntrs.nasa.gov/search.jsp?R=19740024909 2020-03-23T05:18:07+00:00Z
Four-D Global Reference Atmosphere Users Manu 
Programmers Manual, Part 11 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, AL 35812 
Technic a1 Me mor andu m 
National Aeronautics and Space Administration 
Washington, DC 20546 I S . O N S O R I W G * G I . N C Y  CODE 
I 
15. SUPPLEMENTARY NOTES 
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16. ABSTRACT 
An empirical atmospheric model has been developed which generates values for 
p-res:;ure, density, temperature, and winds from surface levels to orbital altitudes. 
The output parameters consist of components for: (1) latitude, longitude, and altitude 
dependent monthly and annual means, (2) quasi-biennial oscillations, and (3) random 
perturbations to simulate partially the variability due to synoptic, diurnal, planetary 
wave, and gravity wave variatims e Quasi-biennial and random variation perturbations 
are  computed from parameters determined from various empirical studies 
added to the monthly mean values. This model has been developed as acomputer pro- 
gram called PROFILE which can be used to generate altitude profiles of atmospheric 
parameters along any simulated trajectory through. the atmosphere. The PROFILE 
program was developed for design applications in  the Space Shuttle program. Other 
applications of the model are  discussed, such as for  global circulation and diffusion 
studies, and for generating proliles for comparison with other atmospheric measure- 
ment techniques, (e. g. satellite measured temperature profiles). 
and are  
The results are  given in two parts, viz: TMX-648"I , Four-D Global Reference 
Atmosphere, Technical Description, Par t  I and TMX-64872 , Four-D Global Refer- 
ence Atmosphere Model Users Manual and Programmers Manual, Par t  11. 
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PREFACE 
This preface covers a twoqart publication. NASA TMX-64871 , Four-D 
Global Reference Atmosphere, Technical Description and NASA TMX- 
64872, Four-D Global Reference Atmosphere Model, Users Manual and 
Programmers Manual, Part E, both with publication date of September 
1974. 
The motivation for the development of a global reference atmospheric 
model is from recognized needs for engineering design, mission planning, 
performance analysis, and possibly operational usage for the Space Shuttle 
program. 
The concept of a global reference atmospheric model has its origin as an 
extension of the Range Reference Atmospheric Model which is a model of 
the gas properties over a particular geographic location. 
reference atmospheric models a re  the Patrick Reference Atmosphere (Annual) 
which is valid for Cape Kennedy, Florida, Vandenberg AFB Reference Atmos- 
phere (Annual) and Edward AFB Reference Atmosphere (Annual). 
the dispersions in the gas properties, pressure, temperature, and density there 
a re  also the Hot and Cold Reference Atmospheres for these three sites. Range 
Reference Atmospheres have been developed for a number of U. S. National 
Missile Test Ranges under the auspices of the Range Commanders Council/ 
Meteorology Group (formerly the Inter -Range Instrumentation Group/Meteorol- 
ogical Working Group, IRIG/MWG). 
Particular range 
To represent 
The first development toward the present global reference atmosphere was 
a Bur-Dimensional World-Wide Model valid for 0 - 25 km altitude. 
dimensions come from the three coordinates, latitude, longitude, and altitude, 
plus time, where time is with respect to monthly reference periods. 
parameters modelled a re  gas properties and moisture. The monthly means 
and daily variation of these parameters are  obtained for any latitude, longitude, 
altitude, and monthly reference period by a computer interpolation program. 
This four-dimensional world-wide model was developed for the design and per- 
formance analysis of earth viewing instrumentation used on earth orbiting 
satellites. 
The four 
The 
Man-made earth orbiting satellites created a need for and a means to develop 
atmospheric models at orbital altitudes. 
much different form than those at lower altitudes because of the strong solar 
influence which contributes to variation and the contrasting differences in the 
Models for these altitudes have a 
i i i  
. basic measurements. Orbital altitude models express th6 gas properties 
as continuous variables with respect to time. 
by a few simple, but complex equations, as a function of time with param- 
eters for  solar activity. 
continuous sensors (satellites) which make many earth revolutions, over 
short periods up to many years covering all earth reference coordinates, 
whereas the data available for modelling at lower altitudes a re  derived 
from point measurements in time which a re  constrained to fixed earth 
coordinates of latitude and longitude, e. g. , rawinsonde and meteorological 
rocketsonde measurements. Although difficult as it is to establish, a 
continuous atmospheric model from the earth's surface to and including 
orbital altitudes is required for a mission of the Space Shuttle. 
models with respect to altitude and at discrete latitudes a re  not satisfactory 
for a Space Shuttle flight performance analysis. 
Global Reference Atmosphere presented in this report is a first attempt to 
offer a means to represent the gas properties in  a continuous manner over 
all altitudes for all  earth coordinates (latitude and longitude) from the earth's 
surface up to orbital altitudes o r  from orbital altitudes down to the earth's 
surface. 
The variables a re  given 
The data for orbital models a re  derived from 
Layered 
The Four -Dimensional 
The Fsur-D Global Reference Atmosphere Model (GRA) is in the form of 
a computer program which has several options for  output data. 
card input depends on the desired output option. The principal input param- 
eters a re  height, latitude, longitude, solar activity parameters (geomagnetic 
index, F10.7 and 81 day mean 10.7 cm flux) ,  date (month, day, and year or  
annual reference period) and Greenwich time. 
Univac 1108 with a core requirement of slightly under 32K words. 
tapes a re  seven track. 
all altitudes above 30 km and from one to four data tapes for altitudes below 
30 km altitude. 
outputs is selected. 
separate volume, entitled "Four -D Global Reference Atmosphere Model, 
Users Manual and Programmers Manual, Par t  II". Qualified requestors may 
receive the computer program, which includes the program magnetic' tape and 
the required magnetic data tapes, and the documental manual by addressing 
their request to Chief, Aerospace Environment Division, ES41, Space Sciences 
Laboratory, NASA Marshall Space Flight Center, AL 3581 2. 
The computer 
' 
The computer used is the 
All magnetic 
One program tape and one data tape-merequired for 
Standard card punch is required if  one of the optional card 
The computer program is completely documented in a 
iv 
A feature of the GRA is that representative wind fields may also be 
derived. This was done to assure consistency in the modelling process 
and for scientific interest in the general circulation pattern and for  ' 
potential applications for long-term diffusion processes. 
innovations one can envision further adaptations and applications of the 
GRA for a general class of ascending and descending aerospace vehicles. 
With some 
It is envisioned that a s  more familiarity with this Global Reference Atmos- 
phere is gained, improvements and adaptations of various computer program 
options will be developed for specific problems. However, any near future 
revisions will not change the basic program. 
The Four-D Global Reference Atmosphere Model should be used in its entirety 
where appropriate to include the monthly means and standard deviations of 
dispersions of the gas properties and the Monte Carlo generated profiles along 
the trajectory. 
plus and minus 2 . 3 2 6 3  standard deviations of the variables to obtain satisfactory 
engineering design or  operational solutions. The means f 2.3263 standard 
deviations give the 1st and 99th percentile values of the variables which is the 
98th interpercentile range of the variables. 
point aerodynamic heating, or for some particular feature of the guidance and 
control system a number of Monte Carlo generated atmospheric profiles may 
be required to obtain design and performance limits. 
For some analyses it may be sufficient to use only the means 
In other cases, such as  maximum 
0. E. Smith and W. W. Vaughan 
September 1974 
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PRECEDING 'PAGE BLANK NOT F m  
A. USERS MANUAL 
1. GENERAL PROGRAM CHARACTERISTICS 
As ou t l i ned  i n  Figure 1.1 o f  the technical  write-up of the PROFILE pro- 
gram, the s imulat ion o f  monthly mean parameters i s  handled by three d i f f e r -  
en t  models governing three sections of a l t i t u d e s  with t r a n s i t i o n  regions i n  
between t o  ensure a smooth resu l tan t  p r o f i l e .  The 0-25 km height range i s  
modeled by the 4-D sect ion o f  PROFILE, based on the NASA 4-D model (Spieqler 
and Fowler, 1972). 
(1971) model. 
Jacchia (1970) model. Between 25 and 30 km the model in terpolates between 
4-D and modif ied Groves values, and between 90 and 115 km the program f a i r s  
between the modif ied Groves values and the Jacchia resul ts .  I n  addi t ion t o  
the three methods o f  determining mean atmospheric parameters, based on 
height region, there are also two kinds of perturbat ions added t o  the mean 
parameters: random perturbations, and quasi -bienni a1 o s c i l  1 at ions. 
The 30-90 km sect ion i s  simulated by a modif ied Groves 
Above 115 km the atmosphere i s  simulated e n t i r e l y  by the 
The PROFILE program i s  designed t o  produce atmospheric parameter values 
e i t h e r  along a l i n e a r  path ( t o  be ca l l ed  a p r o f i l e )  with automat ical ly 
stepped constant height, l a t i t ude ,  and longi tude increments, o r  along any 
se t  of connected pos i t ions ( t o  be c a l l e d  a t r a j e c t o r y )  which must be i npu t  
i n d i v i d u a l l y  i n t o  the program. 
There are three general types o f  input  t o  the PROFILE program: (1) A 
set  o f  three cards, c a l l e d  the i n i t i a l  data, which contain the values o f  the 
program options, the i n i t i a l  posi t ion,  the p r o f i l e  increments, and other 
informat ion required before the ca lcu lat ions are begun, (2) A data tape 
1 
(SCIDAT) containing parameter values for 'the Groves (1 971 ) model, the s t a t -  
i onary perturbati ons ( devi a t i  ons from the Groves model , t o  produce 1 ongi tude 
varying monthly means), and random and quasi -biennial perturbation parameter 
values, and (3 )  The 4-D da ta  tapes with one da ta  f i l e  for each month,  con- 
taining profiles of monthly mean pressure, density, temperature, and their  
variances from the surface t o  25 km, for the entire globe. 
sired t o  compute atmospheric parameters along a trajectory instead of a l in- 
ear  profile, then a f o u r t h  type of da t a  - the trajectory times and posit- 
ions - must be inpu t .  
If i t  is de- 
I n  terms of program funct ion,  the major elements of  the PROFILE pro- 
gram are the main segment (PROFIL) ,  the subroutine SCIMOD, which  i s  a driver 
for a l l  o f  the atmospheric evaluation subroutines, and SETUP, a subroutine 
used t o  read the SCIDAT data  tape, anc, load the necessary start ing condit- 
ions for execution. 
ment and i l lustrates  the function of the SETUP and SCIMOD subroutines. 
Figure 1 shows a simplified schematic of  the main seg- 
O u t p u t  of the PROFILE program consists of  monthly mean pressure, den- 
s i t y ,  temperature, wind ,  and wind shear, total (mean plus perturbation) 
values o f  pressure, density, temperature, winds, perturbatjon values, and 
magni tudes. 
Complete discussion of  the i n p u t ,  o u t p u t ,  and program operation char- 
acter is t ics  for the PROFILE program are given i n  the following sections of 
the users manual. 
2 
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Figure 1: Simplified flow char t  of the PROFILE program. 
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2. THE 4-0 INPUT DATA TAPES (0-25 h) 
The descr ip t ion contained i n  t h i s  sect ion was paraphrased from the 4-D 
program users manual (Fowler and Wil lard,  1972). For more informat ion on 
the 4-D sect ion o f  PROFILE, consul t  t h a t  document and Spiegler and Fowler 
(1972). 
The world-wide meteorological data se t  developed f o r  the 4-D model by 
A l l i e d  Research Associates i s  stored on three 7-track, 800 bp i  b inary tapes 
l abe l l ed  WWlA-WW3A. 
represents one month; WWlA contains months 1-4, WW2A contains months 5-8, and 
WW3A contains months 9-12. A 13th month containing the annual reference per- 
i o d  has been added as a fou r th  tape. 
Each tape contains four f i l e s  o f  data where one fill? 
Within each f i l e  are 3490 records representing the values a t  i n d i v i d -  
ua l  g r i d  points.  These points  are grouped i n t o  three g r ids :  
the northern hemisphere equator ia l  (EQN) grid; 1977 points  on the northern 
hemisphere (National Meteorological Center) grid; and 1225 points  on the 
southern hemisphere (SH) gr id .  
NMC po ints  and stored i n  the order given by the NMC g r i d  tab le  shown i n  the 
SCIDAT data tape l i s t i n g  i n  Appendix A. 
was given a t  5' l a t i t u d e  - longitude in tersect ions westward from the Green- 
wich Meridian t o  5' east. The EQN g r i d  covers the l a t i t u d e s  from 0' t o  15' 
no r th  w i t h  po ints  occuring i n  the fo l lowing order: 1-4 = Lon. 0, Lat. 0, 
5, 10, 15; 5-8 = lon. 5W, Lat. 0, 5, 10, 15; ... 285-288 = Lon. 5'E, Lat. 
0, 5, 10, 15. 
pole as fol lows: 
288 points  on 
On the NMC gr id ,  the data was computed a t  
On the other two gr ids,  the data 
The SH g r i d  contains a l l  data f rom 5' south t o  the south 
1 = South Pole, 2-18 = Lon. 0, Lat .  -5 t o  -85; 19-35 = 
4 
! 
Lon. 5OW, Lat. -5 t o  -85; ... 1209 - 1225 = Lon. 5'E, Lat, -5 t o  &5. 
I t  should be noted that the south,pole is given only once, as the f i r s t  
p o i n t  of the SH data se t .  
Each record consists of 106 36-bit words where the first 104 words con- 
tain the computed data for  a point and the l a s t  two are identifiers.  A l l  
data values are multiplied by 100 and converted t o  integer; they are then 
packed w i t h  two 18-b i t  values to  a word. The data i s  arranged by level for  
each parameter; t h u s ,  the f irst  13 words contain the pressure means from the 
surface t o  25 km and the next 13 words contain the pressure variances for 
the same levels. T h i s  pattern continues for  the 26 levels of temperature 
means and variances, moisture means and variances, and density means and 
variances . 
. 
Woind 105 contains the lati tude and longitude of the point i n  question. 
These are integer values that have been multiplied by 10; each occupies 18 
bi ts  of the word. 
phere i s  identified by g r i d ) ,  and the longitude i s  always west. 
The  lat i tude is  always positive (since the southern hemis- 
The l a s t  word contains three 12 b i t  integer values. The left-most 
group of b i t s  i s  the homogeneous moisture region i n  which the point l i e s ,  
the center group i s  the point number, and the right-most group of b i t s  is the 
month. 
contains them, and not by their location on tape. 
r u n  from 1-288, 1-1977, and 1-1225, not from 1-3490. 
tape structure for  one month. 
I t  should be noted t h a t  the points are numbered w i t h i n  the g r i d  that  
Thus the point numbers 
Figure 2 shows the 
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3.  The "SCIDAT" DATA TAPE 
This sec t ion  descr ibes  i n  d e t a i l  the da ta  contained on the SCIDAT data  
tape.  
on i t  a r e  given i n  Appendix A. 
NMC Grid Data 
A l i s t i n g  of this tape,  and a one page synopsis of the da ta  contained 
T h i s  da t a  set gives the 4-D northern hemisphere poin t  number and the 
dual index f o r  the corresponding NMC loca t ion .  The NMC g r i d  loca t ions  form 
an octagonal a r ray ,  centered on the North Pole. The poin ts  a r e  a t  square 
g r i d  loca t ions  on the polar  pro jec t ion  used for the NMC g r id .  A conversion 
between the l a t i t u d e  and longitude ( t r e a t e d  as polar  coordinates on the f l a t  
NMC g r i d  plane) and the NMC g r i d  ind ices  ( t r e a t e d  a s  Cartesian coordinates  
on the pro jec t ion  plane) i s  accomplished by a polar t o  Cartesian coordinate 
t ransformation,  v i a  equations programmed i n t o  the 4-D model. The NMC g r i d  
da ta  on the SCIDAT tape  merely e s t ab l i shes  the equivalence between the se- 
quent ia l  4-D NMC po in t  number and thetwo-dimensional x-y NMC g r id  p o i n t  lo -  
ca t ion .  The NMC g r i d  data  c o n s t i t u t e  the f irst  f i l e  on the SCIDAT tape.  
end of  f i l e  marker appears on the tape  a t  the end of the NMC g r i d  d a t a ,  
An 
Groves Data 
The Groves (1971) da ta  f o r  monthly mean pressure, dens i ty ,  and tempera- 
t u r e  a r e  tabula ted  a t  10 degree l a t i t u d e  in t e rva l s  from 0 t o  90' for each 
month. The yea r ly  average Groves da ta  i s  coded a s  month 13. The southern 
hemisphere da ta  is the same as  the northern hemisphere da ta  displaced by 6 
months. Annual mean (month 13) data  is  the same f o r  both northern and 
southern hemispheres. 
7 
The format o f  the Groves data  is the  same as  i n  -L Groves (1971) original 
report, except t h a t  a p re f ix  code P, D,  o r  T has been added a t  the  f ront  o f  
each record.  
and the  0, 10, 20, .. . 90' l a t i t u d e  values o f  the parameter expressed a s  a 
t h ree  d i g i t  integer, w i t h  an exponent common t o  a l l  of the values on the  
record appearing a t  t he  end o f  the  record.  Thus a value of 276 w i t h  an 
Each record contains  the code, the month, the he igh t  i n  km 
exponent a t  t he  end of the record of -6, would be the  same as 276 x 
2.76 x 
kq/m3, and temperatures a r e  i n  OK. 
Sta t iona ry  Perturbat ions 
= 
2 Pressure data  a re  i n  units of n t / m  , dens i ty  values a re  i n  
The s t a t i o n a r y  per turba t ions  a r e  la t i tude- longi tude  dependent r e l a t i v e  
per turba t ions  t o  be app l i ed  t o  the Groves values,  considered t o  be the 
longi tudinal  mean value. 
erence period (month 13) a re  given f o r  the northern hemisphere l a t i t u d e s .  
Southern hemisphere da ta  a r e  the same as the northern hemisphere values d i s -  
p lac  d by 16 months. 
Data f o r  each of 12 months and f o r  the annual r e f -  
Each record contains  the  code S,  the month, the he igh t  i n  km, the west 
long tude,  i n  degrees,  and then 15 values of s t a t iona ry  per turbat ions i n  per 
mi17 (%/ lo ) .  T h e  f irst  f i v e  of the  values a r e  f o r  pressure per turba t ions  a t  
l a t i t u d e s  10, 30, 50, 70, and 90. The next give values a r e  for dens i ty ,  and 
the l a s t  f i v e  values a r e  f o r  temperature. 
parameter y a t  any l a t i t u d e  and longitude can be computed from the Groves 
value G a t  the  l a t i t u d e  and the s t a t i o n a r y  per turbat ion s ( i n  per mill) Y Y 
a t  the l a t i t u d e  and longi tude by the  r e l a t i o n  
The monthly mean value ym f o r  
8 
E 
= Gy (1 + s /1000) Ym Y 
Note t h a t  the s t a t i o n a r y  per turba t ion  values a t  90' l a t i t u d e  are always zero. 
However, there is a p lace  f o r  90' values on the d a t a  tape ,  so t h a t  i f  a 
systemmatic departure from Groves values is  des i r ed  a t  the poles,  a set of 
s t a t i o n a r y  per turba t ion  da ta  r e f l e c t i n g  this condition could be developed 
and p u t  on the tape. 
The Groves da t a  and s t a t i o n a r y  per turba t ion  da ta  c o n s t i t u t e  the second 
f i l e  on the SCIDAT tape .  An end of f i l e  marker appears a t  the end of  the 
s t a t  i onary 3ertu r b a t i  on da ta .  
The Random Per turba t ion  Data 
Random per turba t ion  magnitudes (standard devia t ions)  are 1 a t i  tude de- 
pendent only. Each code R record has the code, the month (1-13) and the 
h e i g h t  i n  km, followed by 15 values o f  random per turba t ion  magnitude, f i v e  
f o r  pressure ( i n  per mil l ,  a t  l a t i t u d e s  10,  30, 50, 70, and go), f i v e  f o r  
dens i ty ,  and five f o r  temperature. These d a t a  give the r e l a t i v e  standard 
devia t ions  u / p  , u / p ,  and uT/T, f o r  use i n  the random per turba t ion  model. 
The code RW d a t a  a r e  s i m i l a r ,  except t h a t  only ten wind values appear 
P P 
i n  each record ( a f t e r  the code, month, and he ight ) :  f i v e  f o r  eastward wind 
magnitude ( i n  m/s a t  l a t i t u d e s  10, 30, 50, 70, and 90) and f i v e  f o r  north- 
ward wind  magnitude. 
The code R and RW d a t a  constitute the t h i r d  f i l e  on the SCIDAT tape.  
An end-of - f i le  mark appears on the t ape  a t  the end of the code RW da t a .  
The Quasi-Biennial Osc i l l a t ion  (QBO) Data 
The QBO da t a  cons i s t s  o f  h e i g h t  and l a t i t u d e  dependent amplitudes and 
9 
phases f o r  quasi-biennial variations i n  pressure ( Q P ) ,  density ( Q D )  , tem- 
perature (QT) ,  and eastward and northward wind components (QU and Q V ,  re- 
spectively). The amplitude of the QBO thermodynamic parameters are i n  per 
mill (%/ lo) .  The amplitudes of the QBO wind components are i n  decimeters 
per second (0.1 m/s). 
i n  days a f t e r  January 0, 1966 for  the occurrence of the f i r s t  maximum value. 
Since the period of the QBO variations is  taken to  be 870 days, the phases 
could vary from 0 to  870. 
The phases of a l l  of  the QBO parameters are measured 
Each QBO data record contains the code, the height i n  km, the amplitude 
and phase f o r  10' lat i tude,  the amplitude and phase for  30' la t i tude,  e tc .  
o u t  t o  the amplitude and phase for 90' lat i tude.  
A final end of f i l e  mark appears a t  the end of the code QV data. 
Appendix A gives a brief summary of the data on the SCIDAT tape and a 
complete l i s t i ng  of a l l  the values appearing i n  the tape records. 
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4. THE INITIAL INPUT DATA 
The i n i t i a l  i n p u t  da t a  cons i s t s  of two free f i e l d  (no set  format w i t h  
commas a f t e r  each number) cards containing i n i t i a l  pos i t ion  da ta ,  program 
opt ions,  and otf 'er  information required t o  begin computation, p l u s  an opt- 
ional t h i r d  free f ie ld  card t o  give i n i t i a l  random perturbat ion da ta  i f  
random per turba t ions  a r e  t o  be computed, p lus  an optional set o f  t r a j e c t o r y  
posi t ion da ta  cards  (followed by a backup card) ,  i f  t r a j e c t o r y  pos i t ions  are 
t o  be read i n  r a t h e r  than a l i n e a r  p r o f i l e  generated automatical ly  i n  the 
program. 
sirmnary o f  the da ta  deck setup, and some sample input  and o u t p u t  for the 
program. The following gives a more de t a i l ed  descr ip t ion  of  each program 
i n p u t  card. 
- Input Card Number 1 
Appendix B gives a brief summary of  the i n p u t  c h a r a c t e r i s t i c s ,  a 
The f irst  i n p u t  card,  read i n  by the main program segment PROFILE i n  
free f ie ld  format contains  the following information. Designation R i nd i -  
cates real quanti  t ies,  I denotes integer quanti  ties. 
1 .  I n i t i a l  Height  ( R ) :  The i n i t i a l  height  i n  km f o r  the beginning 
po'mt of the p r o f i l e  o r  t r a j e c t o r y .  
ber .  
which is  used only t o  e s t a b l i s h  the i n i t i a l  condi t ions.  
h e i g h t  i s  near  the sur face  the program may not be ab le  t o  compute atmos- 
pheric  parameters a t  the f irst  few heights .  
T h i s  can be any non-negative rea l  num- 
Atmospheric parameters a r e  never evaluated a t  the  f i  rst  pos i t ion ,  
I f  the i n i t i a l  
T h i s  happens when the su r face  
a t  one or.more adjacent  4-D g r i d  po in ts  i s  higher than the sur face  a t  
i n i t i a l  pos i t ion ,  so the  in te rpola t ion  between the 4-D g r id  pos i t ions  
I 
11 
the 
can- 
not be made. 
subsequent positions do not go more than 15' of la t i tude or longitude away 
from the in i t ia l  position while the he igh t  remains below 30 km. For normal 
I f  the f i r s t  he igh t  i s  below 30 km, care should be taken t h a t  
ascent and re-entry t ra jector ies  this restr ic t ion w 
2. In i t ia l  Latitude ( R ) :  The la t i tude o f  the 
grees, w i t h  southern lati tudes negative. I f  the i n  
subsequent la t i tude i s  greater t h a n  90' i n  absolute 
formation 
l a t  = (180' - I l a t  
lon = lon + 180' 
i s  made. 
11 not pose any problem. 
i n i t i a l  position i n  de- 
t i a l  la t i tude,  o r  any 
magnitude, then a trans- 
3. In i t ia l  West Longitude (R ) :  The west longitude of the in i t i a l  posit- 
ion i n  degrees. 
360' west longitude. 
verted t o  the 0-360' scale before being used by the program. A t  any time dur- 
Each longitude can be p u t  i n  as negative or converted t o  0 - 
I f  negative (east) longitudes are i n p u t  they are con- 
. ing the r u n  i f  a longitide gets outside the 0-360' range i t  is p u t  back into 
that  range by adding o r  subtracting 360°, as necessary. 
4.  F10.7 ( R ) :  The solar  10.7 cm radio noise flux i n  units of lo-'' 
w a t t s / m  (the normal units for this parameter) a t  the time for  which the atmos- 
pheric values are t o  be computed. This factor is used only i n  the Jacchia sect- 
ion, so a value of zero can be used on i n p u t  i f  the height never goes above 90 km. 
A value of 230 for  both design steady s t a t e  conditions and for  maximum condit- 
ions may be used, or  consult the Aerospace Environment Division (AED)  of Mar- 
shall Space Flight Center (MSFC) for  monthly predictions. 
2 
5. Mean F10.7 ( R ) :  The 81 day mean solar 10.7 cm radio f l u x .  This para- 
meter i s  used i n  the Jacchia section to  compute the nighttime minimum global 
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exospheric temperature (equation (14) i n  Jacchia, 1970). 
height does not go above 90 km. A value of 230 may be used for  both design 
Use zero i f  the 
steady s t a t e  or  maximum conditions, o r  consult the AED or  MSFC for monthly 
predictions . 
6 .  AP ( R ) :  The geomagnetic index a , used to  compute a geomagnetic 
P 
correlation to the exospheric temperature, i n  equation (22)  o f  Jacchia, 
(1970). 
s t a t e  value o f  20.3 and a maximum condition value of 400 may be used for  
a 
Use zero i f  the h e i g h t  does n o t  go above 90 km. A design steady 
or consult the AED a t  MSFC for monthly predictions. P' 
7-9. Date ( I ) :  The date, for the start ing time of the trajectory o r  pro- 
f i l e  evaluation i n  month/day/two d i g i t  year form, as three integer i n p u t  val- 
ues. 
calculations, except i n  the case of the quasi-biennial oscil lation terms. 
The day o f  the month and the year have no direct  effect  on the program 
For the annual reference period, use month 13. The quasi-biennial terms are 
automatically s e t  to zero i f  month 13 is used. The month i s  used t o  establish 
which Groves data, stationary perturbation data, and random data to  load from 
the SCIDAT data tape into the working arrays. The program will work more 
eff ic ient ly  i f  multiple trajectories o r  profiles are evaluated dur ing  one run  
operation and the months are the same. 
Groves, stationary perturbation, and random data from the SCIDAT tape). 
( T h i s  avoids repeated look-up of the 
10-12. Greenwich Time ( I ) :  The Greenwich mean time for  the s tar t ing posit- 
ion i n  hours, minutes, and seconds, as three integer values. 
section is directly affected by the time of day, so unless the height goes 
above 90 km, the s tar t ing time would serve merely as a reference parameter 
for the particular r u n  being done. Greenwich time corresponding to  a .local 
time of 0900 hours should be used for  design steady state conditions, and fo r  
Only the Jacchia 
maximum conditions the local time should be taken as 1400 hours. 
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13. - Latitude Increment ( R ) :  I f  a l inear profile is t o  be generated 
automatically this  i s  the lati tude increment (in degrees) between successive 
profile positions. The new lati tude would be the o ld  la t i tude  plus the l a t -  
itude increment. For a profile with decreasing lati tude (going southward) 
the increment must be negative. Use zero i f  separate trajectory posit ion 
i n p u t  is t o  be read i n .  
i s  t o  be evaluated, then use zero lati tude increment. 
I f  a vertical profile ( i . e .  changing only heigh-;;) 
14. West Lopgitude Increment ( R ) :  I f  a l inear profile is t o  be gen- 
erated automatically th i s  i s  the west longitude increment ( in  degrees) be- 
tween successive profile positions. The new longitude will be the o l d  lon- 
gitude plus the longitude increment. 
use a negative increment. 
For a profile progressing eastward 
Use zero i f  separate trajectory position i n p u t  
i s  t o  be read in.  I f  a vertical profile i s  t o  be evaluated, then use zero 
increment. 
15. Height Increment ( R ) :  The height decrease in km between success- 
ive positions, for an automatically generated l inear profile. The profiles 
normally are generated downward (descending height). 
height - height increment). 
height increment should be negative. 
evaluated u n t i l  the height i s  incremented t o  a negative value o r  until the 
height becomes less t h a n  the surface height hs which i s  the highest surface 
height of  the fou r  4-D g r i d  points being interpolated between (or until the 
maximum number o f  positions (item 16, 1s t  card) i s  exceeded). I f  the height 
i s  above sea level ( i .e .  > 0)  b u t  below the surface height h,, then upward 
generated profiles will continue incrementing b u t  will not  o u t p u t  atmos- 
(New height = old 
I f  'an upward generated profile i s  desired the 
Downward generated profiles will be 
pheric parameter values until the height exceeds the surface height hs. 
16. Maximum Number of Positions ( I ) :  The maximum number of profile 
positions t o  be generated automatically. This does not include the in t i ta l  
14 ., 
position, f o r  which no atmospheric parameters are evaluated. 
trajector.! positions are t o  be read i n .  
Use zero i f  
17. Time Increment ( I ) :  The time displacement (seconds) between 
successive automatically generat2d profile positions. This would normally 
be set t o  zero, b u t  could be used as a counter t o  be printed o u t  in the 
time position with the o u t p u t .  
is  read i n  w i t h  the position da ta  (see trajectory input section below). 
The hours, minutes, and seconds parameters (read in as items 10-12, 1st  
For trajectories the time fo r  each position 
. 
card) are updated according t o  the new time generated by the time increment. 
However, only the elapsed time i n  seconds i s  printed out on the present 
o u t p u t  
18. Trajectory Opt ion  ( I ) :  This option te l ls  the program whether a 
trajectory or a linear profile i s  t o  be evaluated. 
linear profile i s  t o  be generated automatically from the parameters read on 
A value of  0 means a 
the f i r s t  card. A value greater than zero means t h a t  trajectory position 
da ta  cards must be read i n  t o  determine the positions a t  w h i c h  atmospheric 
parameters are t o  be evaluated. 
19. Punch  Opt ion  ( I ) :  This option te l ls  the program whether o r  no t  
t o  punch the atmospheric parameter o u t p u t  (see the o u t p u t  descrition sect- 
ion) .  
A value of 0 means no punch o u t p u t .  A value greater t h a n  0 means t o  punch 
the o u t p u t .  
Punched o u t p u t  is  convenient t o  use as card i n p u t  t o  plotter programs. 
With normal numbers of  decimal places and no unnecessary b l a n k  spaces, 
the above 1 9  items should f i t  onto one card. However, if  they occupy more 
15 
than the 80 columns allowed on one card, they may be spread out onto two 
cards i f  the following rule of UNIVAC 1108 free f ie ld  i n p u t  are observed 
on the f i r s t  of the two cards: 
ber appearing on the f i r s t  card. 
is  an integer, i t  should be r i g h t  jus t i f ied t o  column 80. 
other computers , consult your operations manual for characteristics of free 
fi(: ld input. 
I n p u t  Card Number 7 2 
(1) Do not p u t  a comma a f t e r  the las t  num- 
(2) I f  the l a s t  number on the first card 
For i n p u t  on 
The second i n p u t  card is  read i n  by the subroutine SETUP and contains 
various u n i t  numbers t o  be used and opt ions  controlling the random and 
quasi-biennial calculations. 
read statements i n  the FORTRAN program t o  control which f i l e  is  being read 
from. The u n i t  numbers are required .in the i n p u t  i n  order t o  give maximum 
The u n i t  numbers are the parameters used in 
tems on flex 
card 
b i l i t y  i n  choice o f  1/0 devices for the program. All i n p u t  
number 2 are integers. 
1. Groves Input U n i t :  T h i s  is the u n i t  number o f  the SCIDAT 
I f  the SCIDAT tape has been assigned by the control statements - 
@ ASG, T SCIDAT, T ,  U1961 N 
@ USE 3 ,  SCIDAT 
tape f i l e .  
where U 1361 i s  the reel number for tape SCIDAT, t h e n  the Groves i n p u t  u n i t  
number should be 3 on t h i s  i n p u t  card. The Groves and Stationary perturbat- 
ion data must be read from the SCIDAT tape. 
allow the NMC g r i d  data, the random perturbation data, and the quasi-bien- 
nial data each t o  be read from other f i les .  
Later options an this card 
16 
! 
2.  Random Input U n i t :  
bation standard deviations. 
input u n i t  number, then the 
This is the u n i t  number for the random pertur- 
I f  this unit number i s  the same as the Groves 
random perturbations are read from the SCIDAT 
data tape. 
whatever the u n i t  number i s  set t o .  
be set  t o  5. The SCIDAT tape is  read w i t h  NTRAN, b u t  i f  alternate random 
data  are read in from a different f i l e ,  the f i l e  must be FORTRAN readable 
Otherwise the random data i s  read from the f i l e  for  
For card i n p u t ,  the u n i t  number should 
w i t h  format 
lX, Al, 12, 14, 3(1X, 514) 
for the random pressure, density, and temperature data (see Appendix A and 
Section 3 for which values must go in each record). 
da ta  the FORTRAN readable format for  the alternate data i s  
For the random wind 
lX, A2, 12, 14, 2(1X, 514) 
Both random pressure, density, and temperature da ta  and random wind data 
must be read i n  from the same f i le ,  either both from SCIDAT, o r  both from 
the a1 ternate FORTRAN readable f i le .  
3. QBO I n p u t  Unit: I f  the QBO data parameters are t o  be read in from 
the SCIDAT da ta  tape, this u n i t  number is set the same as the Groves i n p u t  
u n i t .  
can be any FORTRAN readable f i le .  Use Unit 5 for card i n p u t .  The format 
for all  of the alternate QBO i n p u t  i s  
I f  alternate QBO parameters are t o  be read in the QBO u n i t  number 
lX, A2,  13, 5(14, 15) 
(See Appendix A and Section 3 for which data values must go into each record). 
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All of the QBO pressure,  dens i ty ,  temperature, and wind da ta  must be read 
from the same f i l e ,  either a l l  from SCIDAT o r  a l l  from the alternate QBO 
input  file. 
4. 4-D Input  Un i t :  T h i s  i s  the u n i t  number f o r  the 4-D da ta  tape. 
Any ava i l ab le  u n i t  number can be used. I f  the 4-D tape  WWlA, containing the 
January data, has been assigned by the control statements 
@ ASG, T 
@ USE 4, WWlA 
GWlA, T, U 2400 N 
then the 4-D i n p u t  u n i t  number i s  4. 
5. Random Option: 
compute random per turba t ions .  
This opt ion te l ls  the program whether o r  not  t o  
I f  the value is 1 random per turba t ions  a r e  
computed. 
I f  any values other than 1 o r  2 a r e  i n p u t  the run  is terminated w i t h  a 
I f  the value i s  2 then random per turba t ions  a r e  not  computed. 
message "ERRBR IN SETUP INPUT" and a dump of  the parameters most r ecen t ly  
read i n .  
6. QBO Option: T h i s  opt ion t e l l s  the program whether o r  not  t o  com- 
I f  the value is  1 QBO per turba t ions  a r e  computed. pu te  QBO per turbat ions.  
For 2 no QBO per turba t ions  a r e  computed, and f o r  any o the r  values the "ERRgR 
IN SETUP INPUT" and dump of  most recent parameters read i n  is  given. 
7. First- Random Number: T h i s  number i s  required as a s t a r t i n g  para- 
meter f o r  the random number generat ing subroutine RAND. Any odd positive 
in t ege r  can be used. Use a value of 1 f o r  a s tandard design appl ica t ion  
run. Provided a l l  other i n p u t  is the same a given value for the s t a r t i n g  
random number w i  11 always produce the same random perturbat ion output.  
I 
\ 
Therefore, t o  g e t  a set  of  d i f f e r e n t  per turba t ions  along a g 
t r a j e c t o r y ,  a set  o f  d i f f e r e n t  s t a r i n g  random numbers should 
however, t h a t  i f  any o t h e r  parameters are changed ( d i f f e r e n t  
ven s i n g l e  
be used. Note, 
spacing along 
the t r a j e c t o r y ,  different s t a r t i n g  pos i t ion ,  e t c . )  t h e n  t h e  same s t a r t i n g  
random number will produce a d i f f e r e n t  set of  random per turba t ions .  
8. NMC Read Option: This option te l ls  the program whether t o  read the 
NMC g r i d  da t a  from the SCIDAT da ta  tape  (value 0 for the opt ion)  o r  from an 
i n p u t  ca rd  f i l e  (any non-zero value f o r  the opt ion) .  
9 .  4-D Scratch U n i t :  In o rde r  t o  save a r r a y  space the 4-D profiles 
required t o  i n t e r p o l a t e  t o  the 5' x 5' g r i d  l o c a t i o n s  a r e  read from the 
tapes  t o  this sc ra t ch  f i l e  r a t h e r  than being put i n t o  a r rays .  The u n i t  num- 
ber f o r  th i s  sc ra t ch  f i l e  can be any a v a i l a b l e  u n i t .  Normally the f i l e  is 
a temporary drum f i l e ,  and, i f  so, does not  have t o  be assigned (@ ASG) be- 
fo re  execution of the program. 
10. NMC Grid P o i n t  Scratch U n i t :  Also i n  o rde r  t o  save computer s t o r -  
age, the NMC g r i d  poin t  a r r ay  read i n  from the SCIDAT tape  ( o r  from cards)  
i s  s t o r e d  i n  a temporary sc ra t ch  f i l e  (usua l ly  on drum). 
s c ra t ch  f i l e  is used, i t  does n o t  have t o  be assigned before execution o f  
the program. 
I n p u t  Card Number 3 
I f  the drum 
T h i s  card  is  read by the SETUP subroutine and conta ins  s t a r t i n g  values 
f o r  the random per turba t ion  parameters a t  the i n i t i a l  pos i t ion .  
per turba t ions  a r e  n o t  t o  be computed (Random Option = 2 ) ,  then this card  
should not be p u t  i n .  All values on this free field format card are real. 
If random 
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For a normal design appl ica t ion  the values on this card should a l l  be zero, 
unless the run  i s  t o  be a cont inuat ion of a previously r u n  t r a j e c t o r y  or 
p r o f i l e  segment, i n  which  case the output  random parameters of the l a s t  out- 
p u t  pos i t ion  a r e  input ,  and the l a s t  output  pos i t ion  becomes the i n i t i a l  
pos i t i on  o f  the new run. 
1-3. I n i t i a l  P, D, T: These a r e  i n i t i a l  values o f  random r e l a t i v e  
pressure (p ' / b ) ,  dens i ty  (PI/;), and temperature (TI/?) i n  percent. These 
a r e  s t a r t i n g  values f o r  the i n i t i a l  pos i t i on ,  
appl i c a t i  ons. 
4-6. 
Use zero f o r  s tandard design 
Sigma P, D ,  T: These a r e  i n i t i a l  values o f  r e l a t i v e  s tandard 
devia t ions  ( i n  percent)  f o r  the random pressure (a /b) ,  dens i ty  (up/;), and 
temperature (oT/T). Use zeros f o r  s tandard design app l i ca t ion  runs.  If 
zero values a r e  i n p u t ,  the program looks up  appropriate  values f o r  the i n i t -  
i a l  h e i g h t  and l a t i t u d e .  
P 
7-8. I n i t i a l  U ,  V: I n i t i a l  values o f  the random eastward and north- 
ward random wind components i n  m/s. 
ions.  
Use zeros  f o r  s tandard design appl ica t -  
9-10. Sigma U ,  V: I n i t i a l  values of the standard deviat ions ( i n  m/s) 
f o r  the eastward and northward random wind components. Use zeros  f o r  stand- 
a rd  design appl ica t ion  runs. I f  zero values a r e  i n p u t ,  the program looks 
up the appropriate  values f o r  the i n i t i a l  height  and l a t i t u d e .  
Tra jec tory  I n p u t  
The free field t r a j e c t o r y  pos i t ion  i n p u t  and backup cards  are p u t  i n  
only if a t r a j e c t o r y  is t o  be evaluated,  r a t h e r  than a l i n e a r  p r o f i l e ,  gen- 
e r a t e d  automatical ly  i n  the program from iriformation on the first  i n p u t  
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card. There i s  no l i m i t  t o  the number o f  t r a j e c t o r y  pos i t ions which can be 
pu t  i n .  The program continues evaluat ing the atmospheric parameters and 
looping back t o  read a new t r a j e c t o r y  pos i t i on  u n t i l  a p o s i t i o n  below the 
surface i s  reached (see Figure 1) , o r  u n t i l  the t r a j e c t o r y  backup card i s  
reached. Each f ree f i e l d  t r a j e c t o r y  card has the t ime ( in teger  seconds), 
the height (ki lometers), the l a t i t u d e  (degrees, southern l a t i t u d e  negative), 
and the west longi tude (degrees, 0-360' o r  east longitudes negative), 
east longitudes read i n  as negative values are converted t o  the 0-360* sys- 
tem before being used by the program. 
same f r e e  f i e l d  form as a regular t r a j e c t o r y  card, except any negative 
value f o r  height i s  used. The negative height terminates the loop which 
evaluates atmospheric parameters and reads a new t r a j e c t o r y  card. 
t r a j e c t o r y  height goes below the surface height  hs, then the remaining t r a -  
j ec to ry  i npu t  cards are read and ignored. The surface height hs i s  deter- 
mined as the lowest height f o r  which a l l  four  4-0 g r i d  locat ions has non- 
Any 
1 
The t r a j e c t o r y  backup card has the 
I f  a 
zero data values required f o r  i n te rpo la t i on  t o  the t r a j e c t o r y  pos i t ion.  
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5. OUTPUT OF THE PROGRAM 
The f i rs t  few lines of  p r i n t  o u t p u t  a r e  pr imari ly  a l i s t i n g  of the 
input  parameters. 
f o r  the t r a j e c t o r y  or  p r o f i l e  eva lua t ions ,  the pos i t ion ,  time, monthly 
mean and t o t a l  pressure, dens i ty ,  temperature, and winds are l i s t e d  for 
each pos i t ion .  The thermal wind shear  for the monthly mean winds, the 
percent deviat ion from the s tandard atmosphere ( p ,  p ,  and T) and the per- 
turba t ion  da ta  a r e  a l s o  g iven  f o r  each pos i t ion .  The per turbat ion da ta  
cons i s t  of the s t a t i o n a r y  pe r tu rba t ions ,  the quasi -biennial  values a t  the 
pos i t ion  and time, the quasi -biennial  magnitudes , the random perturbat ion 
values , and the random per turba t ion  standard deviat ions.  Optional punch 
Following a heading which descr ibes  each output  value 
output for values a t  each pos i t ion  i s  a l s o  ava i l ab le  t o  be used f o r  card 
i n p u t  t o  plotter programs, or f o r  o t h e r  purposes. 
Heading Information 
Primari ly  the heading information contains a l is t ing of  the i n p u t  da ta  
values.  However, there a r e  some changes from the values i n p u t .  I f  an east 
longitude i s  p u t  i n  a s  a negative value,  -780' < l a t  < O o ,  then i t  i s  con- 
ver ted t o  a west longitude i n  the 0-360 range before the heading i s  l isted.  
I f  zero  values f o r  the random pressure, dens i ty ,  temperature o r  wind  s tand-  
a rd  devia t ions  are i n p u t ,  then the program evalua tes  these from the da ta  on 
the SCIDAT data  tape ,  and l i s t s  the computed values on the heading. 
J u l i a n  da te  i s  computed by the program from the i n p u t  d a t e  and i s  a l s o  
l i s t e d  w i t h  the heading information. The Ju l i an  d a t e  i s  required by the 
The 
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Jacchia and QBO sections of the program. I f  month 13 (annual reference per- 
i o d )  i s  i n p u t ,  then the Julian date i s  set  t o  zero. (The Jacchia section 
takes the exospheric temperature t o  be 1000° K and the QBO section i s  by- 
passed i f  month 13 i s  input). 
Position and Time O u t p u t  
Positions and times as generated by the automatic l inear profile fea- 
tures or as input by the trajectory i n p u t  cards are l is ted on the o u t p u t .  
The time i s  given in seconds. 
minutes, and seconds are updated i n  t h a t  form also. However, only a contin- 
Within the program, the i n p u t  time in hours, 
uously increasing time in seconds i s  printed out.  If time i n  hours, minutes, 
and seconds were desired, these variables could easily be printed out by add- 
ing them t o  the o u t p u t  l i s t .  All o u t p u t  west longitudes are converted t o  
the 0-360 range before being printed ou t .  
absol Ute magnitude i s  generated (or input) then a transformation 
I f  a latitude greater t h a n  90' in 
l a t  = (180' - I l a t l ) ( l a t / l l a t l )  
lon = lon t 180' 
i s  made. 
Monthly Mean (and Thermal Wind Shear) Data 
The monthly mean values of pressure, density, and temperatures, consist 
(1 )  values from the 4-D da ta  tapes i f  the height is  below 25 km, o f  either:  
(2 )  the sum of Groves plus stationary perturbation values i f  the he igh t  i s  
between 30 and 90 km, 
plus stationary perturbations a t  30 km i f  the h e i g h t  i s  between 25 and 30 km, 
(4 )  Jacchia model values if the height i s  above 115 km, and (5)  faired val- 
( 3 )  an interpolation between 4-0 a t  25 km and Groves 
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ues between Grmes and Jacchia i f  the h e i g h t  i s  between 90 and 115 km. 
The percent deviations from the U.S. 1962 Standard Atmosphere are eval- 
uated by u s i n g  standard atmosphere values computed by the subroutine STD4TM. 
The percent deltiations are evaluated by the relations 100(T - Ts)/TS, 
l O O ( p  - p s ) / p s ,  and lOO(p - ps) /ps ,  where the subscript s refers t o  the 
standard atmosphere values. This subroutine accurately reproduces the tab- 
ulated 1J.S. Standard Atmosphere 1962 values t o  within an accuracy o f  better 
than 0.2% above 90 km. The STDATM values are based on a model of parabolic 
segments for the height variation of the molecular height above 90 km. The 
subroutine reproduces the tabular values even more accurately i n  the height 
region below 90 km, where the molecular weight i s  constant. Since the U.S. 
19j2 Standard Atmosphere is not defined above 700 km, the percent deviations 
printed out for heights above 700 km are zero. 
The thermal wind shear values are values of au/az and av /az  for  the 
monthly mean geostrophic wind.  The wind values, computed from the geo- 
stropic wind equation, are determined by horizontal gradients o f  the monthly 
mean pressure. T h e  thermal wind shear components, computed by the thermal 
wind equations, are determined by the horizontal gradients of the monthly 
mean temperature. 
strophic mean winds and the thermal wind  shear serve as a check of the mean 
Thus, a comparison of numerically differentiated geo- 
pressure and temperature f ie lds  (see Sections 7 and 10 of the technical 
disucssion portion o f  this report). 
The Total (Mean Plus Perturbation) Data 
The parameter Val ues 1 i sted under the heading of "Mean P1 us Perturbat- 
ions" are the monthly mean values, as defined above, plus the random pertur- 
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bations, plus ( i f  the height i s  between 15 and 90 km) the quasi-biennizl per- 
turbations. These mean-pl us-perturbation values represent values which would 
be typical "instantaneous" values of the pressure, density, temperature o r  
winds. 
puted in the same way as for  the percent deviations of the monthly mean 
values from the standard atmosphere. 
Perturbation Values 
The percent deviations from the U.S. Standard atmosphere are com- 
The d a t a  under the "Perturbation Values" heading are the various 
perturbation values, magnitudes , and amp1 i tudes. The stationary perturbat- 
ions (denoted SP on the printout) are defined only i f  the height i s  between 
30 and 90 km. The monthly mean ym of parameter y should be the Groves 
value G , evaluated from the SCIDAT data tape, modified by the given s t a t -  
imary perturbation value s 
Y 
i n  percent by the relation 
Y '  
Y, = Gy (1 + sy/lOO) 
The da ta  labeled "QBO" are the values o f  the QBO oscillation a t  the o u t p u t  
time and position. The data labeled "MAG" gives the magnitude of the QBO 
oscillations a t  the o u t p u t  position and time. 
be less t h a n  the magnitude values i n  absolGte value. The da ta  labeled 
"RAND" are the random perturbations evaluated a t  the o u t p u t  time and place. 
The d a t a  labeled "SIG" are the s tandard  deviations of  the random components 
a t  the o u t p u t  time and positions. 
on which the random perturbations are based, the perturbation values should 
be w i t h i n  the range - + u 68% o f  the time and outside the range - + (r 32% of 
The QBO values should always 
According t o  the Gaussian distribution, 
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the time. 
- t 2u 95% of the time, and ou t s ide  the range - + 2a 5% o f  the time. 
uation of the (!BO and random per turba t ion  output  can be suppressed by the 
QBO and random opt ions ,  i f  des i red .  
Punch O u t p u t  
S imi l a r ly ,  the per turba t ion  values should be wi th in  t h e  range 
i 
The eviil- 
T h e  punch output  i s  a v a i l a b l e  a s  an opt ion ,  con t ro l l ed  by t h e  input  
value of the punch option parameter. 
ou t  i n  the form of two cards  f o r  each pos i t ion .  
conta ins  the following information: 
h e i g h t  i n  km, 
grees 0-360, 
(8-10) the percentage devia t ion  of the mean monthly values o f  pressure, den- 
I f  punch ou tput  i s  des i r ed ,  i t  comes 
The f i rs t ,  code "A" ,  card 
(1 )  the time, i n  seconds, (2)  the 
( 3 )  the l a t i t u d e  i n  degrees,  (4)  the west longi tude  i n  de- 
(5-7) the mean monthly pressure, density, and temperature, 
s i t y ,  and temperature from the 1962 U.S. Standard Atmosphere, 
eastward and northward components o f  the monthly mean (geos t rophic)  wind, 
(13-14), the eastward and northward components o f  the mean wind shear. 
(11-12) the 
The  
format f o r  t h e  code "A" card is 
14, F5.1, 2F7.2, 2E8.3, F5.0, 3F5.1, 4F5.0, "A" 
The secand, code 'IB", card contains the following information: 
time, he ight ,  l a t i tude ,  and longitude (same a s  on the code "A" c a rd ) ,  (5-7) 
the t o t a l  (monthly mean p l u s  per turba t ion)  values f o r  pressure, density, 
and temperature, 
s i t y ,  and temperature from the 1962 U.S. Standard Atmosphere, (11-12) the 
t o t a l  (mean p lus  pe r tu rba t . iw)  values f o r  the eastward and nortward wind 
(1-4) the 
(8-10) the percent dev ia t ions  of  the t o t a l  pressure, den- 
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components. The format f o r  the code "B" card is 
14, F5.1, 2F7.2, 2E8.3, F5.0, 3F5.1, 2F5.0, lox, 'IB". 
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6. PROGRAM DIAGNOSTICS 
There are  several possible reasons which can cause the p r i n t i n g  o f  
diagnostic messages and termination of the r u n  during the SETUP phase. 
dur ing  the setup procedure, the NMC g r i d  p o i n t  number data table does not 
contain the required 1977 values, a message 
If ,  
Diagnostic 1: "N RECQRDS WRITTEN BY GETNMC ON SCRATCH FILE Mi' 
i s  printed, and EXECUTION IS TERMINATED. This situation should only arise 
i f  the NMC g r i d  p o i n t  table i s  being read from cards, rather than the SCIDAT 
data tape. 
read which does no t  have the expected code character or characters ( P ,  D, T ,  
S, R ,  Rul, QP, QD, QT, QU,  o r  QV; see Appendix A ) ,  then the message results 
If during the reading o f  the SCIDAT data tape, any record is 
Diagnostic 2: "ERRgR IN SETUP INPUT" 
followed by a listing of the latest da ta  values read i n .  T h i s  message i s  
also produced i f  the random option and the quasi-biennial option do not have 
a value of either 1 o r  2 (see Section 4 ) .  Any condition which results i n  
this error message terminates the execution. 
There are also general conditions which could result in diagnostic 
messages i n  the 4-D section: 
the f irst  access of the region below 30 Km, a par i ty  error i s  encountered, 
a message 
I f  dur ing  the reading of the 4-D data tape on 
Diagnostic 3: "INPUT UNIT NP). M IN ERWR (-3) WR RECgRD N@ N "  
i s  printed - execution continues. 
i f  the particular record read is  required for interpolation. 
f i le  is read, a messages is written 
Such an error will only be o f  consequence 
If an end of 
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Diagnostic 4: 
'I* * * * * UNIT NP. JT IN ERRPR IRC RECPRDS READ 
IREAD(IRN, 3) = XXXX MP = X X  MONTH = X X  IP = XXXX IPT(1, J )  
M STATUS L" 
Where 
XXXX IRN = XX 
JT = U n i t  on which 4-0 da ta  tape  is mounted 
IRC = Total number of records read t h u s  f a r  from 4-D t ape  
IREAD(IRN, 3) = Sequential  point  number se l ec t ed  by SELEC4 
MP = Month word i n  l a s t  record read 
MJbNTH = Rbn month 
IP = Point  number word i n  l a s t  record read 
IPT(1, J )  = Point  number required f o r  p r o f i l e  J t o  be in t e rpo la t ed  
IRN := Sequential  point number required 
M = U n i t  s t a t u s  (READ) 
L = NTRAN s t a t u s  (-2 f o r  end of f i l e ,  -3 f o r  p a r i t y ,  e t c . )  
t o  I t h  requested p r o f i l e  
and EXECUTIPN IS TERMINATED 
I f  IRC > IREAD(IRN, 3 ) ,  the d iagnos t ic  message 
be 106, and IRC and IREAD values should ind ica t e  t h  
IS TERMINATED. 
I f  MP # MPNTH, o r  IP # IP(1, J )  the d iagnos t ic  
again w i t h  L = 106, and MP/M@NTH o r  IP/IP(I ,  J )  ind 
IS TERMINATED. 
4 is written - L should 
s condition. EXECUTIQlN 
message 4 i s  pr in ted ,  
Gating e r r o r .  EXECUTIgN 
The wr i t ing  o f  scra tch  f i l e  SCRCHI w i t h  da t a  for subsequent unpacking 
t 
and in t e rpo la t ion  is a l so  checked. I f  there is a write e r r o r ,  the diagnos t ic  
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4 i s  printed, w i t h  JT the sc ra t ch  f i l e  u n i t  number, M a s  WRITE and L as -3 
o r  -4. EXECUTION IS TERMINATED. 
These d iagnos t ics  can a r i s e  i f  a bad o r  wrong 4-0 da t a  tape is being 
In some cases  a accessed,  o r  i f  there is  a malfunction of  the tape d r ive .  
tape wi l l  , f o r  example, i nd ica t e  p a r i t y  e r r o r s  when be ing  read f r o m  one t ape  
d r ive ,  b u t  not  another.  
I f ,  durin!j the course o f  evaluat ion of pos i t ion  i n  the 4-0 height  
range,  i t  i s  found t h a t  the pos i t ion  is  outs ide  the previously e s t ab l i shed  
4-D g r i d ,  then a message results 
Diagnostic 5: "PJdSITIQN @UTSIDE 4-D GRID" 
The 4-D g r i d  i s  either a polar  gr id  between 75' N o r  S of  the pole ,  or  a 
non-polar 16 point  g r i d  a t  5' x 5' l a t i t u d e  spacing. I f  the pos i t ion  is  
less than 5' ( t o t a l  l a t i t u d e  and longi tude)  ou ts ide  the 4-D g r id  ( i . e .  
] l a t i t u d e 1  < 70' f o r  the polar  g r i d ,  o r  (Alat  2 + A1on2)l/* < 5' f o r  the non- 
polar  g r i d )  s t h e n  the atmospheric parameters a r e  evaulated by ex t rapola t ion  
o r  set t ing them equal t o  the neares t  g r id  poin t .  I f  the pos i t ion  is  more 
than 5' outside the 4-D g r i d ,  t hen  no evaluat ion i s  made and pr in ted  ou t ,  
however execution does continue t o  cycle  t o  subsequent pos i t ions ,  i n  hopes 
of f i n d i n g  va l id  pos i t ions  f o r  evaluat ion.  
A diagnos t ic  message 
Diagnostic 6: "CJdRRELATIBN CBEFFICIENT ERRgR" 
i nd ica t e s  t h a t  t he  co r re l a t ion  parameter E* < OS as  Computed by equation 
from Appendix B o f  the technical  descr ip t ion  sec t ion  of this repor t .  I f  
this occurs ,  E i s  set  t o  zero and execution continues.  The numbers l i s t e d  
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f o l  1 owing diagnostic 6 are va7 ues o f  various correl ation parameters. 
sult  a listing o f  subroutine PERTRB for their meaning. 
Con- 
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B. PROGRAMMERS MANUAL 
1 .  DESCRIPTION OF SUBROUTINES 
The following i s  a brief description of each of the PROFILE program 
subroutines, in alphabetical order: 
CORR: 
DXHLVL: 
FA1 R: 
GEN4D: 
GETNMC: 
GRID4D: 
GTERP: 
Evaluates the correlation between density and temperature from a 
s e t  of l inear segments approximating the curve from NASA-TM X -  
64589. These va7ues are used as default values i f  the corre- 
lation value computed directly from the variances on the 4-D 
da ta  tape has a magnitude greater t h a n  1 ,  
Evaluates the horizontal and vertical correlation scales from 
equations plotted i n  Figure 8.3 of the technical description 
section of this report. 
Fairs between the Groves and Jacchia values in the 90 t o  115 km 
height range. (See equation 5.8, technical description section) 
Generates the polar ( / l a t i t ude ]  > 75') o r  non-polar (16 5' x 5'
points)  grid of pressure , density , temperature and variance pro- 
f i l es .  See Figure 3 fo r  a flow chart of  this subroutine. 
Reads the NMC g r i d  point values from the SCIDAT data tape o r  
from cards and loads them onto a scratch f i l e .  This subroutine 
i s  essentially unchanged from the subroutine of the same name 
in the o r ig ina l  4-D program. 
After array of 4-D g r i d  lat-lons has been evaluated, this sub- 
routine looks up the data from the 4-0 da ta  tapes and interpo- 
la tes  t o  determine profiles o f  pressure, density, temperature, 
and variance a t  the 4-D grid locations. 
lated t o  4-0 g r i d  locations are loaded onto a scratch f i l e  from 
the tapes before the interpolation i s  done. 
Uses 1 inear l a t i  tude interpolation and linear temperature and 
Profiles t o  be interpo- 
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NO 
MISSING 
Figure 3:  Simplified flow chart of the GEN4D subroutine. 
33 , 
INTERW : 
INTERZ: 
INTER2: 
I NTER4 : 
INTLL: 
INTRP4: 
I NTRUV : 
JAC : 
JACCH : 
l i n e a r  logarithm of dens i ty  id t e rpo la t ion  on height  t o  eval- 
uate  Groves da ta  t o  a given l a t i t u d e  and height .  See Sect ion 
5 of the technical  descr ip t ion  sec t ion .  
Two va r i ab le  l i n e a r  i n t e rpo la t ion  between known value U1 and 
V1 a t  Z1 and U2 and V2 a t  22 t o  determine U and V a t  Z ,  where 
Z is  between Z1 and 22. 
Three va r i ab le  i n t e r p o l a t i o n ,  l i n e a r  on temperature, and gas 
constant  ( R  = p / p T ) ,  and linear on the logarithm of pressure, 
w i t h  pressure computed from perfect gas law and in t e rpo la t ed  
temperature and dens i ty ,  and gas constant .  See Section 5 o f  
the technical  descr ip t ion  sec t ion .  
Three var iab le  in t e rpo la t ion ,  l i n e a r  on a l l  three var iab les .  
Interpolates between the p r e s s w e ,  dens i ty  , and temperature 
p r o f i l e s  a t  the 4-D g r i d  loca t ions .  This subrout ine c a l l s  
subrout ine INTLL t o  do the 1 a t i  tude in te rpol  a t ion .  
One var iab le  in t e rpo la t ion  between values i n  an a r r ay  of l a t -  
i t ude  and longi tude loca t ions  by equation (5.6) o f  the techni- 
cal  d e x r i p t i o n  sec t ion .  
The subrout ine f o r  the 1 a t i  tude-1 ongi tude in te rpol  a t ion  o f  
values from the 4-D da ta  tapes  i n t o  the 4-D g r i d  array.  T h i s  
i s  a modification of the INTERP subrout ine o f  the o r ig ina l  
4-D program. 
Evaluates the s tandard deviat ions o f  the random wind components 
a t  given height  and l a t i t u d e  by c a l l i n g  INTERW subroutine.  
Cal cul ates the molecular weight , dens i ty ,  and temperature for 
the Jacchia  model. 
Main subroutine of  the Jacchia  sec t ion ,  serves a s  a d r i v e r  f o r  
JAC and the other Jacchia  sec t ion  subrout ines .  
eva lua tes  the seasonal and l a t i t u d i n a l  va r i a t ions  i n  the lower 
JACCHIA a l s o  
thermosphere. 
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NORMAL: Computes two independent random numbers selected from a Gaus- 
sian distribution with mean zero and unit standard deviation. 
Interpolates the stationary perturbations on lati  tude and longi- 
tude a t  a given height. This subroutine is similar t o  INTLL. 
Evaluates the pressure, density, temperature and wind component 
random perturbations by the correlated random perturbation 
model discussed i n  Section 8 of the technical description sect- 
ion of the report. 
The main segment of the PROFILE program The main segment serves 
as a driver for the SETUP and SCIMOD subroutines. 
i n  the users manual section. 
F’DTUV: 
PERTRB: 
PROFIL: 
See Figure 1 
QBOGEN: Computes the QSO perturbation values and their amplitudes and 
phases. The amplitudes and phases of the QBO pressure, density, 
temperature, and wind perturbations are interpolated from the 
amplitude and phase data  from the SCIDAT da ta  tape, by calling 
the INTERZ and INTERW subroutines. 
RAND: Produces a random number selected from a uniform distribution 
between 0 and 1. This is  required as input t o  the subroutine 
NORMAL. 
RIG: Computes the acceleration of gravity and the radius from the 
center o f  the Earth for  a position a t  a given latitude and 
height. 
Computes the standard deviations of  the random pressure, density, 
and temperature perturbations by calling surboutine INTERZ. 
RTERP: 
RTRAN: This subroutine contains several NTRAN read sections with multi- 
ple entry points coming from subroutine SETUP. The NTMN read 
statements are for reading the SCIDAT data tape. 
SCIMOD: The heart of the PROFILE program. This subroutine branches on 
he igh t  t o  evaluate the atmospheric parameters by the Jacchia, 
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SELEC4: 
SETUP: 
SORT4: 
STDATM: 
TINF: 
TME : 
the modified Groves, o r  the 4-D methods. The QBO and random 
per turba t ions  a r e  a l s o  evaluated and the o u t p u t  is pr in ted  
(and op t iona l ly  a l s o  punched) by the SCIMOD subroutine.  See 
Figure 4 for a flow c h a r t  of  the SCMOD subrout ine and Figure 
1 ,  i n  the users manual s ec t ion ,  f o r  a flow c h a r t  showning how 
SCIMOD f i t s  i n t o  the ove ra l l  PROFILE program. 
Selects the 4-D da ta  needed f o r  i n t e rpo la t ion .  T h i s  subrout ine 
I s  a modification of the  INPUT subrout ine of the or ig ina l  4-D 
program. 
T h i s  subrout ine reads i n  the NMC g r i d  points  w i t h  the GETNMC 
subrout ine and reads and loads the da ta  from t h e  required 
month on the SCIDAT da ta  tapes  i n t o  arrays.  See Figure 5 f o r  
a flow cha r t  o f  the SETUP subrout ine,  and Figure 1 f o r  a flow 
c h a r t  showing how SETUP f i ts  i n t o  the overa l l  PROFILE program. 
Sor t s  the 4-D loca t ions  f o r  sequential tape reading from the 
4-D da ta  tapes .  
subrout ine from the o r ig ina l  4-D program. 
Eva1 uates  the 1962 U .S. Standard Atmosphere Val ues o f  pressure,  
dens i ty ,  and temperature,  a t  any given height  up t o  700 km. 
T h i s  subrout ine computes the exospheric temperature f o r  the 
Jacchia  model. 
T h i s  subrout ine ca l cu la t e s  the vari  ab1 es necessary f o r  i n p u t  
i n to  the subrout ine TINF i n  the Jacchia  model. 
T h i s  subrout ine is  a modification of the SORT 
b 
I f  the PROFILE program is  mapped without segmenting the program, i t  re- 
q u i r e s  s l i g h t l y  less than 32 K core s torage .  
s torage  (e.g. t o  make room f o r  further program add i t ions ) ,  the program can 
be mapped i n  segmented form. 
accomplished by s u b d i v i d i n g  the  program i n t o  a primary segment, a setup seg- 
ment, a Jacchia segment, and a 4-D segment. The primary segment should con- 
In order  t o  take up  l e s s  core  
An e f f i c i e n t  segmentation of the program can be 
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SUBROUTINE SETUP 
MOVE PAST EOF 
MOVE PAST EOF I ON SCIDAT 
r 
A IOPQ = ? 
NTRAN 
GROVES \ PERTURBATIONS ) A  
J ::EN 'r 
STAT I ONARY 
MOVE PAST EOF 
.1 PERTURBATION 
I 
'A I SET RANDOM PERTURBATIONS J I / 
- 
LUlYVCKI I U  KMIY UW'I 
Figure 5: Abbreviated f l o w  char t  of the SETUP 
Subroutine. 
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t a i n  CORR, DXHLVL, G T E R P ,  INTERW, I N T E R Z ,  I N T E R Z ,  INTRUV,  NORMAL, PDTUV, 
PERTRB,  P R O F I L ,  QBOGEN, RAND, R I G ,  R T E R P ,  SCIMOD,  and STDATM. The setup segriient 
should contain: 
t a i n :  F A I R ,  J A C ,  J A C C H ,  TINF, and TME. The 4-D segment should contain: 
GEN4D, G R I D 4 D ,  I N T E R 4 ,  I N T L L ,  I N ' I R P 4 ,  S E L E C 4 ,  and S O R T 4 .  The following MAP 
statement for  f i l e  P R O F I L E ,  t o  create absolute element A B S  will accomplish 
the mapping of the program w i t h  these segments setup as described: 
GETNMC, RTRAN, and SETUP.  The Jacchia segment should con- 
@MAP 
I M  
IN 
,N 
¶ 1s , P R P F I L E .  A B S  
P R O F I L E .  CORR, . DXHLVL, . GTERP,  . INTERW, I N T E R Z  
P R O F I L E .  I N T E R 2 ,  . INTRUV,  . NORMAL, . PDTUV, PERTRB 
P R O F I L E .  P R O F I L ,  . QBOGEN, . RAND, . R I G ,  . RTERP 
IN P R O F I L E .  SCIMOD,  . STDATM 
NOT TPF$ . 
S E G  SETUP* 
IN P R O F I L E .  GETNMC, . RTRAN, . S E T U P  
NOT TPF$ 
S E G  JACCH*, S E T U P  
NOT T P F $  
IN P R O F I L E .  F A I R ,  . J A C ,  . J A C C H ,  . TINF, TME 
SEG S E G ~ D * ,  SETUP 
IN P R O F I L E .  GEN4D, . GRID4D,  . I N T E R 4 ,  . I N T L L ,  . I N T R P 4  
IN P R O F I L E .  S E L E C 4 ,  . S O R T 4  
NOT T P F $  
END 
This segmented map saves approximately 4 K i n  core stwage, b u t  does n o t  
significantly affect r u n  time, since the segments being overlayed (the set-  
up, Jacchia, and 4-0 segments) only have t o  be loaded i n  once during any 
given trajectory o r  profile evaluation. 
Some characteristics of some of the subroutines i n  each of  these seg- 
ments are described more fu l ly  i n  the following sections. 
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2. THE PRIMARY SECTION 
This section consists of the main program segment PROFIL, the SCIMOD 
subroutine, the subroutines for evaluating Groves values, the stationary 
perturbations, the QBO and random perturbations, and general interpolation 
subroutines. With the exception of PROFIL and SCIMOD the parts of this 
section were adequately described in the previous section. 
Many of the subroutines transfer their input and o u t p u t  via COMMON 
statements. This procedure saves much in core storage space. The discuss- 
ion in this and subsequent sections describes the input and o u t p u t  of some 
of the subroutines, both by argument l i s t s  and via COMMON statements. 
Main Segment PROFIL 
This program serves as a driver for the SETUP and SCIMOD subroutines 
(see Figure 1 in the users manual section). 
i n p u t  card, in free field format. This card contains: 
I t  reads one card, the f i r s t  
1 .  The init ial  height 
2. The init iel  latitude (degrees) 
3. The init ial  west longitude (degrees) 
4. The F10.7 solar flux 
5. The 81 day mean F10.7 solar flux 
6. The a geomagnetic indix 
7-9. The date month/date/2 digit year 
P 
10-1 2. The Greenwich time hours: minutes: seconds 
H 1  
PHI1 
THET 1 
F10 
F1 OB 
AP 
MN/ I DA/ I Y R 
IMRO; MINO;, ISECO 
13-15. The latitude, longitude, and height increments DPHI, DTHET, DH 
16. The maximum number of profile positions NMAX 
17. The time increment between profile positions INCT 
18. The trajectory option IOPT 
19. The punch option IOPP 
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The t r a j e c t o r y  input  cards  ( i f  used) are a l s o  read by PROFIL, after control 
has re turned  from SETUP, w h i c h  reads the second and t h i r d  i n i t i a l  d a t a  inpu t  
cards .  See Section 4 o f  the users manual s e c t i o n  and Appendix B for further 
desc r ip t ion  of  the card i n p u t .  
The COMMON "IOTEMP" transfers d a t a  from t h e  card inpu t  i n  PROFIL t o  
the o t h e r  subroutines c a l l e d  by PROFIL (SETUP, SCIMOD, and RIG). 
Subroutine SCIMOD 
This program is the primary subroutine of  the PROFILE program. I t  
se rves  as  a driver f o r  a l l  of the various s e c t i o n s  o f  the atmospheric eval-  
uation. See Figure 4 f o r  a fl2w c h a r t  o f  t h i s  subroutine.  
The i n p u t  t o  SCIMOD, t r ans fe red  by COMMON statements IOTEMP and PDTCOM, 
is: 
1 .  
2. 
3. 
4. 
5. 
6. 
7. 
9-11. 
12-14. 
15. 
16. 
17. 
a. 
18-20. 
21-23. 
2 Acceleration of  g rav i ty  (m/sec ) 
Earth radius  t o  height H (km) 
Height (km) 
Lat i  tude (Radians) 
Longitude ( r ad ians )  
F10.7 s o l a r  f l u x  
Mean F10.7 s o l a r  f l u x  
Geomagnetic index a 
Date 
Ti me 
Previous height (km) 
Previous 1 a t i  tude  ( r ad ians )  
Previous 1 ongi tude ( rad ians)  
Previous random pressure, dens i ty ,  and tern- 
pe ra tu re  per turba t ions  (%) 
Previous random pressure, dens i ty ,  and tern- 
pera ture  standard devia t ions  (%) 
P 
G 
RI 
H 
PHIR 
THETR 
F10 
F1 OB 
AP 
MN/IDA/IYR 
IHR: MIN: ISEC 
H1 
PHI1 R 
THETl R 
RP1, RD1, RT1 
SP1, SD1, ST1 
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24-25,. Previous random winds (m/s) RU1 , RV1 
26-27. Previous s tandard  deviation of random winds (m/s) su1,  sv1 
The COMMON "PDTCOM" conta ins  d a t a  t r a n s f e r r e d  i n t o  SCIMOD from SETUP. 
The COMMON "IOTEMP" t r a n s f e r s  da t a  i n  from PROFIL. The COMMON Y4" trans- 
fers d a t a  ou t  t o  t h e  4-D sec t ion  o f  t h e  program. The COMMON "COMPER" trans- 
fers da ta  o u t  t o  the random per turba t ion  subrout ines .  
The present SCIDAT d a t a  t ape  has the random wind component s tandard  
devia t ion  a r r ays  ( U R  and VR)  equal.  
a r r ays  were equivalenced i n  SCIMOD. 
a t e d  w i t h  d i f f e r e n t  random wind s tandard  devia t ion  components, then the a 
equivalence statement 
In  o rde r  t o  save space i n  core, these 
I f  a subsequent SCIDAT tape is gener- 
EQUIVALENCE (UR (1 ,  l ) ,  VR (1,  1 )  
should be removed and the a r r ay  VR (25, 10) added t o  the COMMON l i s t  "PDTCQW. 
S i m i l a r  co r rec t ions  a r e  a l s o  requi red  i n  subroutine SETUP. 
The SCIMOD subroutine prints and (op t iona l ly )  punches the output  des- 
cribed i n  the users manual s e c t i o n  and i n  Appendix 9. 
output t o  o t h e r  subrout ines  v i a  the above-mentioned COMMON l ists .  
SCIMOD subroutine updates the p r o f i l e  o r  t r a j e c t o r y  pos i t i ons  by s e t t i n g  the 
I t  a l s o  t r a n s f e r s  
The 
current pos i t ion  equal t o  the previous pos i t i on  before  exi t .  
pos i t i on  information then s t a y s  i n  the COMMON l i s t  u n t i l  the next call t o  
SCIMOD. The previous random per turba t ions  a r e  handled i n  s i m i l a r  fashion.  
The previous 
? 
42 
! 
i 
3. THE SETUP SECTION 
The function of the setup section of the program is t o  load the in i t i a l  
data and the data from the SCIDAT tape. See Figure 1 for a flow chart illus- 
trating how the SETUP subroutine f i ts  i n t o  the overall, program and F i g u r e  4 
for a flow chart of the SETUP subroutine. 
The  SETUP subroutine reads the second and t h i r d  cards of i n p u t .  The 
second card contains 
1. 
2 .  
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Groves i n p u t  u n i t  
Random i n p u t  u n i t  
QBO i n p u t  u n i t  
4-D i n p u t  u n i t  
Random option 
QBO option 
First random number 
NMC read option 
4-0 scratch u n i t  
NMC g r i d  p o i n t  scratch u n i t  
IUG 
I UR 
I UQ 
I U4 
IOPR 
IOPQ 
NR 1 
NMCOP 
IOTEM 1 
IOTEM2 
The t h i r d  card (optional, read only i f  IOPR = 1)  contains: 
1-3. In i t ia l  random perturbations i n  pressure, density, 
4-6. In i t ia l  standard deviations for random pressure, 
7-8. In i t ia l  random wind perturbation (m/s) 
and temperature (%) 
density, and temperature (%) 
RP1, RD1, RT1 
SP1, SD1, ST1 
RU1, RV1 
9-10. In i t ia l  standard deviations for random winds (m/s) SU1, SV1 
The COMMON 1 i s t  "PDTCOM" transfers the arrays, loaded w i t h  the approp- 
r a i t e  data from the SCIDAT data tape, t o  the other subroutines. T h i s  COMMON 
l i s t  contains the following arrays: 
1-3. Groves pressure, density, and temperature PG, DG, TG 
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4-6. Stationary perturbations in pressure, density, PSP, DSP, TSP 
7-11. Amplitudes of QBO pressure, density, and tem- 
pe rature UAQ, VAQ 
Phases of QBO pressure, density, and tempera- 
ture, and winds UDQ, VDQ 
PAQ, DAQ, TAQ, 
12-16. PDQ, DDQ, TDQ, 
17.21 . Standard devi ations for the random pressure, 
densi ty  , temperature and winds 
(UR = VR equivalence) 
PR, DR, TR, 
UR, VR 
The COMMON l i s t  "COTRAN" i s  used t o  transfer da ta  t o  SETUP from the 
NTRAN read subroutine RTRAN, which has multiple entry points for various 
different types of da t a  from the SCIDAT da ta  tape. 
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4. THE JACCHIA SECTION 
The subroutine JACCH calculates the pressure, density, and tetnpera- 
ture a t  a po in t  in space for  heights above 90 km for  a particular time. 
The inruts t o  JACCHIA are: 
1. 
2. 
3 .  
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
height i n  km 
lat i tude i n  radians 
West longitude in degrees 
( 0  t o  360 degrees) 
solar r ad io  noise flux F10.7 
81 - day average solar flux F10.7 
geomagnetic index a 
month 
day of month 
year 
hour o f  day in universal time 
minute of hour in universal time 
mean Julian day 
2 watts/m ) 
P 
The outputs are: 
2 1 .  pressure in units of n t / m  
3 2. density i n  units of kg/m 
3. temperature i n  Kelvin degrees 
H 
PHIR 
THET 
F10 
F1 OB 
AP 
MN 
I DA 
IYR 
IHR 
MIN 
XMJD 
PH 
DH 
TH 
The theory and methods used in JACCH for calculating the pressure, 
density, and temperature are given in Jacchia, (1970). A brief explanation 
will be given below. 
The subroutine JACCH consists of four sections: the main routine 
and three imbedded subroutines. All sections have numerous comments t o  
explain each part of the program. 
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Main Routine (JACCH) 
The main routine acts as the calling routine and, also, calculates the 
seasonal - lat i tudinal variations i n  the lower thermosphere. 
The seasonill - lat i tudinal density variations are given by equation 
(2.1) of the technical description section. 
The equations for  the molecular weight and the relative temperature 
were given as equations (2.2) and (2.3) of the technical description section. 
After the density, temperature, and molecular weight are calculated, 
the pressure is  calculated from the ideal gas law: 
where p is the density, R is the universal gas constant, T is the tempera- 
ture, and M i s  the molecular weight. 
An option i s  included in the main routine whereby the yearly mean val- 
ues of the density , pressure, and temperature may be calculated directly. 
I f  the value of the month i n p u t  variable is thirteen, ( M N  = 13), the exo- 
sphere temperature is  immediately se t  equal t o  1000° K (which  i s  the recom- 
mended design value for  annual mean conditions) and the yearly mean density, 
pressure, and temperature values are calculated. Note that  the 1962 U.S. 
Standard Atmosphere has an exospheric temperature of approximately 1500* K 
and i s  t h u s  considerably different from the 1000° K results o f  the annual 
mean i n  the PROFILE p.rogram. 
Subroutine TME 
T h i s  subroutine calculates variables necessary for  i n p u t  into the sub- 
routine TINF. 
1. 
2. 
3.  
The i n p u t  variables are: 
month (month = 13 denotes annual mean and 
bypasses this subroutine) MN 
day of month IDA 
year IYR 
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4. hour of day i n  universal  time IHR 
5. minute of day i n  universal time MIN 
6. mean Ju l i an  day 
7. l a t i t u d e  i n  radians 
XMJD 
XLAT 
8. longi tude i n  degrees ( input :  0 t o  360 degrees 
turn ing  westward; o u t p u t :  -180 t o  t180 degrees) XLONG 
The output  var iab les  are:  
1. s o l a r  dec l ina t ion  angle i n  radians 
2. s o l a r  hour angle i n  radians 
3. day number from January 1 
4. day number divided by t rop ica l  y e a r  
(365.2422 days) 
SDA 
SHA 
DD 
DY 
Subroutine TINF 
T h i s  subrout ine ca l cu la t e s  the exospheric temperature. The i n p u t  var- 
i ab le s  are: 
1 .  s o l a r  radio noise  f l u x  ( watts/m2) 
2. 81 - day average F10 
3. geomagnetic l a t i t u d e  i n  radians 
4. s o l a r  dec l ina t ion  angle 
5. s o l a r  hour angle  
6. 
7. diurnal  f a c t o r  equal t o  0.31 
day number divided by t rop ica l  yea r  
F10 
F1 OB 
XLAT 
SDA 
SHA 
DY 
R 
The output  is t h e  exospheric temperature, TE. Factors included i n  the 
ca l cu la t ion  of the exospheric temperature are s o l a r  a c t i v i t y  va r i a t ions  , 
diurnal  va r i a t ions ,  va r i a t ions  w i t h  the geomagnetic a c t i v i t y ,  and semi- 
annual vari a t i  ons . 
Subrou ti ne JAC 
T h i s  subrout ine ca l cu la t e s  the molecular weight, dens i ty ,  and tempera- 
t u r e  without the seasonal - l a t i t u d i n a l  va r i a t ions  The input  va r i ab le s  are: 
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1 .  height i n  km 
2 .  exospheric temperature 
The output  variables are: 
1 .  temperature 
2. molecular weight 
3.  density 
Z 
T 
TZ 
EM 
DENS 
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5. THE 4-D SECTION 
G R I D 4 D  and subroutines SgRT4, INTRP4 and SELEC4 are basically the MAIN 
PRQGKAM, SQRT, INTERP and INPUT as documented i n  the 4-0 users reference 
manual and subsequent updates. 
Some changes have been made. 
Statement numbers have been ordered in GRID4D and S0RT4. 
In GRID4D,  i4TRAN MBVE statements are used t o  select  the appropriate 
f i l e  for  a given month on the 4-D data tape mounted on UNIT IT. 
I f  a parity error i s  encountered i n  reading IT, a message 
"INPUT UNIT NO. IT IN ERRQR FPR RECQRD N0 IRC" 
i s  printed - execution continues. 
i f  the particular record read in error is required for  interpolation. 
Such an error  will only be of consequence 
Grid p o i n t  profiles for subsequent interpolation are tagged and f i led  
on a dynamically assigned scratch UNIT SCRCHl (IQTEM1 i n  calling program), 
instead o f  occupying core as  in the 4-D model. 
Any error i n  the handling of the 4-D data tape o r  UNIT SCRCHl (IQTEM1 
i n  calling program) by G R I D 4 D  which results i n  a transfer t o  
STATEMENT NO. 30 
i s  fa ta l ,  and results in the p r i n t i n g  o f  an error message and termination of 
execution (see user's manual). 
S l i g h t  changes have been made t o  the logic of SQRT4 i n  the interests 
of e f f i ci ency . 
SELEC4 i s  concerned only w i t h  the selection of the record numbers o f  
the appropriate i nterpol a t i  on profi 1 es . 
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GETNMC has been added t o  f i l e  the NMC g r i d  p o i n t  da ta ,  read either 
from cards  of the SCIDAT da ta  tape on UNIT IUG, on a dynamically assigned 
sc ra t ch  f i l e  SCRCH2 (IgTEM2 i n  c a l l i n g  program), i n s t ead  of occupying 1977 
words of core as  i n  the 4-D model. I f  o the r  t h a n  1977 records are  f i l e d ,  
an e r r o r  message . 
" N  RECPRDS WRITTEN BY GETNMC ON SCRATCH FILE M" 
is  pr in ted  and execution terminated. 
INTRP4 uses a modified l a t i t u d e  - longi tude interpolation scheme i n  the 
m i  xed NMC - equator i  a1 , equator i  a1 and southern hemisphere regions.  
The dimensions o f  some var iab les  have been a l t e r e d  i n  keeping w i t h  the 
maximum number o f  p r o f i l e s  t o  be used i n  i n t e rpo la t ion  (16 i s t e a d  of 25 i l S  
i n  the 4-D model), and t o  provide the index word f o r  each record on SCRCHl 
(IN (107) ins tead  of (106)). 
A1 1 references to ,  and subrout ines  assoc ia ted  w i t h ,  the determination 
of the c o e f f i c i e n t s  o f  the b e s t  f i t  polynomials t o  the se l ec t ed  profiles, 
as performed i n  the o r ig ina l  4-D model, have been deleted.  A1 1 vertical 
in t e rpo la t ions  required a r e  performed by SCIWD. 
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APPENDIX A 
LISTING OF THE DATA TAPE "'SCIDAT" FOR THE PROFILE PROGRAM 
The tape contains the fo l lowing data, i d e n t i f f e d  by code character,; a t  
the beginning o f  each record. 
code P, D, T, S, R, and RW data, southern l a t i t u d e  are given by northern 
hemisphere data displaced s i x  months. 
Month 13 re fe rs  t o  annual mean values. For 
Annual mean data and the QBO para- 
meters are the same f o r  both soutr?ern and northern hemispheres. 
complete discussion o f  the i npu t  data, see Section 2 o f  the Users Manual. 
For a more 
Code 
None 
-
P 
D 
T 
s 
R 
RW 
Data -
NMC Gr id  Data 
2 Groves Pressure (nt/m ) 
Groves Density (kg/m ) 
Groves Temperature ( O K )  
3 
Stat ionary Perturbations 
i n  monthly means (per 
m i l l )  
Descript ion 
Same as NMC Grid Required by NASA 
version 4-0 program. Data consists 
o f  sequential p o i n t  number fol lowed 
by the two corresponding NMC g r i d  
indices. There are f i v e  po ints  per 
record on the tape. 
Month, height, values a t  l a t i t u d e s  
0, 10, 20, . .. 90 exponent. Same iformat as i n  Groves report.  
Month, height, longitude, Ap a t  
north l a t i t ude ,  10, 30, 50, 70, 90, 
AP same, AT same. 
Random pressure, density, 
and temperature pertur-  
bat ion magnitudes (per 
m i l l )  
Random magni tudes wind 
Month, height, AP a t  no r th  l a t i t u d e  
10, 30, 50, 70, 90, AP samehT same 
Month, height, AU a t  nor th  l a t i t u d e  
perturbat ion (m/s) 10, 30, 50, 70, 90, AV Same 
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Data -
QBO pressure  parameters - 
amplitude (pe r  m i l l )  and 
phase (days a f t e r  Jan. 0, 
1966 when 1st maximum 
occurs) 
9 as i n  QP) 
QBO tempera t u  re parameters 
QBO eastward wind para- 
meters - amplitude 
(0.1 m/s) and phase 
(days a f t e r  Jan. 0, '66) 
QBO northward wind para- 
meters - ( a s  i n  QU) 
BO dens i ty  parameters 
Description 
Height, amplitude and phase a t  10' 
l a t i t u d e ,  amplitude and phase a t  30°, . . . , amplitude and phase a t  90°. 
~~ -~ 
The tape  cons i s t s  of  four N T M N  readable files w i t h  an NTRAN end of f i l e  a f t e r  
each f i l e .  The f i rs t  f i l e  contains  the NMC gr id  da ta ,  the second contal'ns the 
Groves and Sta t ionary  per turbat ion da ta ,  the t h i r d  contains the random pertur- 
bat ion da ta ,  and the four th  contains  the  QSO data .  The number o f  words per NTRAN 
record i s  15  For the  NMC g r i d  data .  
f o r  5 poin ts .  The t o t a l  number of NMC g r i d  points  is 1977. The NMC g r i d  da t a  
f i l e  contains  a t o t a l  of 395 records,  w i t h  the l a s t  record containing points 1976 
and 1977 and zeros i n  the remaining words. There a r e  14 words per  record f o r  the 
Groves da ta  ( including the code word), 19 f o r  the s t a t iona ry  per turba t ions ,  18 
Each record contains  NMC gr id  x-y coordinates  
for the code R da ta ,  13 f o r  the code RW data ,  and 12 for the quasi-biennial  da ta .  
The Groves da ta  contains  702 records,  the s t a t iona ry  per turbat ion da ta  contains  
1248 records,  the code R random data  contains  260 records,  the code RW random 
winds da t a  contain 325 records,  and the QBO data  contain 80 records.  
#Following i s  a listing o f  the da ta  contained on the SCIDAT tape. 
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1 
6 
11 
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 
101 
106 
11 1 
116 
121 
126 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
20 1 
206 
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48 1915 
49 1920 
49 1925 
49 1930 
49 1935 
50 1940 
50 1945 
50 1950 
50 1955 
51 1960 
51 1965 
51 1970 
51 1975 
44 1780 
45 1830 
41 
8 
13 
18 
23 
28 
33 
38 
7 
12 
17 
22 
27 
52 
37 
8 
13 
18 
23 
28 
33 
11 
16 
21 
26 
31 
36 
11 
16 
21 
26 
31 
36 
13 
18 
23 
28 
33 
12 
17 
22 
27 
32 
13 
18 
23 
28 
33 
16 
21 
26 
31 
16 
21 
26 
31 
38 
41 
42 
42 
42 
42 
42 
42 
42 
43 
43 
43 
43  
43 
43 
43 
44 
44 
44 
44 
44 
44 
44 
45 
45 
45 
45 
45 
45 
4b 
46 
46 
46 
46 
46 
47 
47 
47 
47 
47 
48 
48 
48 
48 
48 
49 
49 
49 
49 
49 
50  
50 
5u 
50 
51 
51 
51 
51 
* 
1976 32 51 1977 33 ' 51 0 
'""'LND OF FILE HRITTEN---- 
*oROVES MODFL DATAv(DIPPT)* 
1 25 250 247 244 239 237 
P 1 30 118 117 114 112 1 1 1  
F 1 35 562 576 562 546 529 
P 1 40 259 295 286 275 . 261 
1 45 157 155 152 1 4 6  1 j b  
P 1 55 454 449 442 430 983 
P 1 60 241 237 232 217 198 
P 1 65 122 119 117 110 100 
P 1 70 577 561 549 519 481 
P 1 75 255 249 243 236 722 
P 1 80 110 108 105 l n 2  100  
P 1 85 471 463 446 440 437 
P 1 90 197 134 187 1P4 190 
P 1 95 803 791 767 778 833 
P 1 100 3 5 0  345 338 345 779 
P 1 105 168 164 160 163 177 
t- 1 110 898 889 856 843 899 
P 2 25 250 246 242 233 739 
P 2 30 118 116 114 112 111 
P 2 35 581 572 560 543 531 
2 40 398 2n3 286 274 *64 
P 2 4 5  157 156 152 144 157 
P 2 5 0  848 839 820 773 734 
P 2 55 458 455 443 413 '190 
P 2 6 9  243 L38 231 215 202 
F. 2 65 122 119 114 106 100 
P 2 70  577 551 534 504 482 
P 2 75 256 245 240 239 323 
P 2 85 469 448 451 479 440 
P 2 9 0  200 188 188 1 R 7  191 
P 2 95 855 &r12 797 7R4 414 
P 2 100 395 564 362 357 Sb6 
P 2 105 199 l a 2  178 171 174 
t) 2 110 113 101 96 O l  91 
P 3 25 251 246 244 240 3 4 U  
P 3 30 118 117 115 113 112 
I' 3 35 582 575 566 552 533 
P 3 4 0  399 d97 290 279 767 
P 3 45 159 158 154 146 139 
1' 3 5 0  860 b59 833 781 741 
P 3 55 465 r h l  446 416 392 
P 3 60 344 241 231 214 2 0 3  
P 3 65 121 117 113 l n 6  101 
P 3 75 255 240 237 231 725 
P 3 80 110 195 105 l n 3  1U2 
P 3 85 476 444 450 446 438 
P 3 90 206 l q l  191 188 167 
P 3 95 9 0 3  811 802 7 R 9  785 
t' 3 100 419 374 362 354 354 
i.' 1 50 a42 832 816 778 720 
P 2 80 111 106 i o 5  in2  101 
P 3 70 569 547 528 5 n 3  487 
0 0 
741 244 
112 111 
527 509 
254 237 
127 116 
659 587 
345 306 
177 155 
89 79 
435 382 
207 183 
95 84 
429 384 
191 174 
873 813 
401 376 
190 181 
939 887 
243 241 
112 111 
523 517 
255 246 
130 122 
683 625 
359 325 
185 165 
92 83 
450 397 
211 188 
97 86 
434 393 
192 175 
843 792 
377 359 
179 174 
93 90 
243 238 
112 110 
529 521 
262 255 
135 130 
718 b75 
380 354 
196 181 
98 9 0  
475 .434  
223 205 
102 94 
444 420 
191 182 
804 783 
365 355 
0 
340 
1 05 
ll72 
3 16 
3 03 
615 
3eb 
J 34 
67 
717 
146 
67 
7 0 5  
f 36 
h4b 
30 1 
145 
701 
331 
Y O 5  
485  
?27 
110 
F4b 
379 
140 
69 
q2 1 
147 
66 
PQS 
133 
600 
37a 
135 
71 
325 
105 
601 
742 
121 
610 
3 l Y  
3 62 
79 
772 
171 
70 
? 39 
140 
h45 
398 
0 0 
238 237 
101 1 R O  
45rl 442 
203 199 
95 93 
472 957 
242 234 
121 117 
60 57 
279 265 
127 120 
57 53 
259 242 
116 109 
546 512 
256 241 
123 116 
589 552 
225 223 
101 100 
466 459 
216 212 
103 100 
499 483 
251 242 
125 120 
61 58 
275 260 
122 114 
54 50 
236 217 
108 09 
485 446 
229 213 
112 104 
6 0  56 
217 215 
102 101 
489 485 
234 232 
116 114 
581 569 
298 291 
151 147 
72 70  
335 322 
151 144 
65 62 
290 214 
124 117 
562 535 
264 252 
0 0 0 
1 
1 
0 
0 
0 
-1 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-4 
-4 
-5 
1 
1 
0 
0 
0 
-1 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-4 
-4 
-4 
-4 
1 
1 
0 
0 
0 
-1 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-4 
-4 
-4 
60 
3 105 213 183 
fJ 3 110 122 104 
P 4 25 251 250 
p 4 30 119 119 
P 4 35 590 588 
P 4 40 305 3i16 
P 4 45 163 162 
P 4 50 A86 883 
. P 4 55 478 473 
t- 4 60 250 247 
P 4 65 123 121 
P 4 70 575 568 
P 4 75 253 250 
P 4 80 110 109 
P 4 85 479 471 
P 4 90 212 206 
f- 4 95 920 680 
P 4 100 416 386 
P 4 105 202 182 
P 4 110 112 98 
P 5 25 251 254 
f- 5 30 120 120 
P 5 35 595 598 
f' 5 40 309 311 
P 5 45 164 165 
P 5 50 889 896 
f' 5 55 480 481 
P 5 60 353 254 
P 5 65 126 127 
P 5 70 582 597 
f.  5 75 254 263 
P 5 80 111 115 
P 5 85 489 496 
P 5 90 213 234 
F. 5 95 887 899 
P 5 100 379 379 
P 5 105 172 172 
P 5 110 91 88 
P 6 25 251 253 
Y 6 30 119 120 
P 6 35 592 597 
P 6 40 306 3u8 
P 6 45 161 163 
f' 6 50 869 881 
P 6 55 468 474 
P 6 60 248 251 
P 6 65 125 127 
P 6 70 585 599 
P 6 75 255 265 
P 6 80 112 114 
f' 6 85 486 487 
P 6 90 208 206 
P 6 95 853 852 
P 6 100 360 362 
P 6 105 162 164 
fJ 6 110 840 837 
P 7 25 250 252 
175 
96 
246 
117 
583 
300 
159 
86 1 
462 
240 
119 
565 
257 
113 
494 
213 
900 
386 
178 
93 
250 
120 
595 
307 
163 
882 
475 
248 
125 
600 
271 
118 
505 
215 
382 
175 
89 
253 
121 
597 
306 
162 
878 
474 
249 
126 
592 
264 
114 
479 
201 
833 
36 1 
167 
867 
256 
90 I 
169 167 174 177 153 139 134 -4 
R 9  88 94 98 86 79 76 -4 
244 241 241 240 239 238 238 1 
570 554 553 545 522 508 504 0 
201 282 282 273 354 243 239 0 
153 148 149 142 13b 123 120 0 
835 A01 804 761 686 641 626 -1 
439 427 430 407 363 337 328 -1 
229 323 225 210 386 175 170 -1 
114 111 112 106 93 85 83 -1 
551 539 546 511 44b 410 398 -2 
253 350 253 240 309 190 184 -2 
114 112 114 108 93 84 81 -2 
493 478 475 458 792 352 339 -3 
212 198 192 184 15& 142 137 -3 
873 Rlt 769 754 6% 600 581 -4 
380 S59 348 341 ?Ob 283 276 -4 
172 165 167 176 ¶64 157 154 -4 
R9 86 92 102 99 97 97 -4 
116 114 114 113 111 110 IO? 1 
249 747 246 249 354 257 258 1 
118 117 117 118 J20 121 122 1 
584 576 577 581 q86 589 590 0 
209 298 300 299 392 288 286 0 
159 158 160 159 155 155 152 0 
859 861 880 869 ~ 3 2  810 802 -1 
463 464 474 470 456 448 445 -1 
242 244 250 248 339 234 232 -1 
122 122 126 125 123 122 131 -1 
587 591 607 608 596 589 586 -2 
268 367 276 280 283 285 285 -2 
115 115 118 121 121 121 121 -2 
4A5 464 459 472 477 480 491 -3 
199 181 169 170 I70 170 170 -3 
819 70G 619 622 649 665 671 -4 
351 308 276 280 392 299 302 -4 
163 145 135 145 162 172 176 -4 
A4 78 79 89 l0lJ 107 109 -4 
253 256 258 260 365 268 269 1 
509 602 611 627 642 651 654 0 
163 166 171 176 j7b 179 180 0 
121 122 123 125 im 130 i3n 1 
31\8 311 318 326 330 332 333 o 
886 qO5 935 965 074 979 981 -1 
477 487 508 528 *37 542 544 -1 
251 258 271 282 381) 292 293 -1 
135 128 137 144 150 154 155 -1 
593 607 652 695 731 753 760 -2 
262 ?b5 286 313 335 348 353 -2 
111 110 117 128 136 141 142 -2 
456 423 423 453 483 501 507 -3 
183 156 141 145 152 156 158 -3 
717 577 480 489 F26 548 556 -4 
337 260 214 216 330 238 241 -4 
156 127 108 112 124 131 134 -4 
836 719 640 689 771 820 837 -5 
259 263 265 269 374 277 278 1 
P 7 30 
P 7 35 
P 7 40 
F 7 45 
f- 7 5 0  
P 7 55 
P 7 60 
P 7 65 
t.' 7 70 
P 7 75 
P 7 8 0  
P 7 85 
P 7 90 
P 7 95 
k 7 1 0 0  
F 7 105 
7 A10 
P 8 25 
k 6 30 
P 0 35 
P & 40 
P b 50 
P 8 55 
P 8 60 
P 8 65 
P 6 70 
t. B 75 
P 8 80 
P 8 9C 
F. 6 95 
P L, 1 0 0  
P 8 1G5 
P 8 110 
P 9 25 
I- 9 3u 
bJ 9 35 
9 40  
I- 9 45 
P 9 50 
t- 9 55 
l' 9 60 
P 9 65 
k 9 70 
P 9 75 
P 9 80 
P 9 85 
P 9 9 0  
P 9 95 
P 9 100 
l' 9 105 
P 9 110 
fJ 10 25 
p 10 50 
P 10 35 
P 1 0  40 
P a 45 
P a 85 
118 
582 
299 
157 
84 
454 
241 
122 
577 
355 
110 
471 
197 
R(13 
750 
168 
P98 
250 
118 
58 1 
398 
157 
846 
458 
2Y3 
122 
577 
256 
111 
lrb9 
300 
Ps5 
395 
199 
113 
7 5 1  
118 
582 
299 
f 59 
R b O  
465 
344 
1 2 1  
569 
255 
110 
476 
306 
40 
419 
213 
122 
351 
119 
E90 
305 
119 
541 
3'1 1 
158 
r 5  
457 
L 4 2  
133 
578 
256 
110 
4 7 1  
198 
b l 2  
357 
170 
5 I) 3 
253 
1.20 
532 
3r: 1 
1"8 
644 
4 57 
240 
123 
5R4 
268 
116 
5/16 
2 14 
9.31 
4 7 1  
~ 1 3  
117  
253 
1211 
549 
3%,1 
159 
kb4 
245 
124 
6 10 
275 
122  
5;,7 
L.30 
1 0 1  
4H0 
246 
141  
250 
119 
SA8 
502 
w a  
122 
600 
305 
161 
87 
466 
245 
123 
573 
253 
109 
460 
191 
793 
354 
168 
895 
257 
122 
595 
303 
158 
852 
454 
240 
121 
579 
261 
116 
50 1 
214 
902 
412 
199 
259 
121 
596 
303 
160 
858 
46 1 
242 
125 
bo6 
283 
126 
550 
2 36 
104 
487 
247 
138 
251 
119 
585 
298 
i n 9  
133 
605 
3n9 
163 
P 8  
470 
2% 
122 
562 
245 
I n 4  
433 
170 
m a  
317 
153 
875 
260 
173 
606 
161 
863 
462 
130 
563 
251 
4 59 
189 
7a6 
359 
q0 
257 
122 
507 
3Q2 
158 
845 
451 
234 
118 
560 
2% 
112 
477 
R 7  
404 
199 
253 
130 
SR3 
2% 
307 
241 
109 
171 
2 n n  
i n 7  
f ir5 
622 
1 b9 
91 
492 
757 
128 
595 
257 
104 
s95 
145 
569 
262 
132 
725 
3b4 
126 
623 
319 
? b9 
c307 
w 5  
752 
I24 
57 1 
350 
104 
4 0 8  
15b 
fib 0 
701  
145 
75 
3 59 
124 
f i b 7  
307 
1 b2 
965 
4 G l  
735 
115 
528 
933 
98 
405 
I 66 
72 
328 
1 58 
a2 
354 
119 
578 
269 
318 
128 
640 
331 
177 
96 
521 
275 
139 
654 
111 
393 
131 
479 
218 
110 
b?6 
265 
128 
640 
330 
175 
946 
509 
266 
132 
615 
268 
1 Oh 
390 
567 
255 
122 
63 
260 
613 
313 
165 
883 
471 
24 1 
537 
234 
96 
378 
63 
280 
131 
h6 
254 
118 
564 
281 
284 
140 
124 
117 
150 
130 
653 
340 
184 
101  
551 
295 
152 
730 
322 
126 
425 
131 
458 
198 
1 0 1  
576 
270 
648 
335 
178 
971 
526 
280 
1 4 1  
b76 
295 
115 
397 
134 
504 
216 
102 
52 
260 
124 
610 
310 
133 
875 
467 
243 
121 
573 
252 
103 
399 
153 
62 
265 
119 
56 
250 
116 
556 
274 
130 
135 
662 
745 
1 R5 
1 OL 
564 
307 
3 59 
779 
34tl 
137 
52 
135 
4 56 
191 
96 " 59 
376 
132 
65U 
332 
177 
a63 
"25 
381 
7 45 
709 
31b 
125 
a3u 
13b 
489 
t 99 
91 
45 
362 
124 
599 
701 
157 
P4U 
4 5 u  
337 
120 
"ai: 
362 
1 1 0  
lJ 3c) 
3 64 
64 
361 
f 1 u  
46 
745 
113 
539 
264 
135 
667 
348 
186 
103 
572 
314 
163 
808 
364 
144 
468 
137 
455 
187 
96 
549 
133 
280 
65 1 
330 
176 
958 
524 
282 
147 
729 
329 
131 
450 
480 
189 
41 
26 3 
124 
592 
296 
153 
819 
44 0 
233 
119 
587 
26R 
114 
449 
171 
65 
259 
105 
43 
239 
111 
529 
25R 
140 
84 
135 
669 
349 
186 
l n 3  
574 
327 
165 
818 
369 
146 
474 
138 
454 
185 
96 
5u5 
?R 1 
134 
652 
330 
176 
957 
524 
382 
148 
735 
333 
133 
456 
141 
477 
185 
R 2  
39 
264 
124 
590 
294 
152 
813 
436 
232 
119 
589 
270 
116 
Q55 
173 
66 
258 
103 
43 
237 
11 1 
525 
256 
1 
0 
I) 
0 
0 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-4 
-4 
-4 
-5 
1 
1 
0 
0 
0 
-1 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-4 
-4 
-4 
-4 
1 
1 
0 
0 
0 
-1 
-1 
-1 
-1 
-2 
-2 
-2 
-3 
-3 
-3 
-4 
-4 
-4 
1 
1 
0 
I) 
P 10 45 163 l h l  157 153 150 145 140 135 132 131 0 
F. 1 G  50 886 469 850 834 901 767 740 708 689 682 -1 
P 1 0  55 478 468 457 439 426 403 589 374 365 362 -1 
P 1 0  60 250 246 240 238 217 204 199 191 186 185 -1 
P 10  65 123 123 122 113 106 99 99 95 93 92 -1 
' P 10 70 575 586 594 549 487 454 466 452 444 441 -2 
P i o  75 353 265 274 248 717 202 213 307 203 202 -2 
P 10 80  110 117 122 110 94 87 93 92 91 91 -2 
P i o  90 212 228 233 2132 172 158 169 170 171 171 -3 
P i o  105 202 230 242 2n7 172 151 150 939 132 130 -4 
P 11 25 251 250 248 247 7'46 245 244 339 236 235 1 
P 11 35 595 589 578 562 546 529 518 511 507 505 0 
P 11 40 309 3r13 294 zp.3 97i~ 255 247 344 342 242 n 
P 1 0  85 479 515 533 471 402 371 398 400 401 402 -3 
P 1 0  95 92 09. 102  A 8  75 69 74 74 74 74 -3 
P 10 1 0 0  416 462 480 413 343 310 325 316 311 309 -4 
P 1 0  110 112 130 137 116 93 78 72 61 54 52 -4 
P 11 30 120 119 118 116 115 113 111 109 109 107 1 
P 11 45 164 161 155 148 159 129 123 122 121 121 0 
f-' 11 50 P.89 869 838 7O2 7% 666 633 632 631 631 -1 
P 11 55 480 47U 452 435 308 346 530 333 335 335 -1 
P 11 60 253 248 239 231 ?(JO 177 168 169 170 170 -1 
P 11 65 126 124 1 2 0  1 1 0  98 R7 R 4  R 4  84 84 -1 
P 11 70 582 576 571 525 464 413 404 396 391 390 -2 
P 11 8 0  111 112 113 1 n 4  93 R6 87 84 82 82 -2 
P 11 85 489 495 492 448 4 0 2  381 393 787 383 382 -3 
P 11 90 313 216 212 102 175 169 178 I f 0  175 174 -3 
f' 11 95 887 699 888 836 774 772 819 P l A  806 805 -4 
t. 11 1 0 0  379 395 405 3 R 4  765 364 386 372 364 361 -4 
P 11 75 254 255 256 217 710 191 190 184 ian 179 -2 
CI 11 105 172 184 195 192 183 180 184 174 168 166 -4 
P 11 110 91 i q o  io9 in6 99 93 91 81 75 73 -4 
F 12 25 351 247 245 241 339 241 242 340 239 238 1 
P 1 2  30 119 118 116 113 111 112 1 1 0  107 105 105 1 
P 12 35 592 504 565 552 530 524 506 a86 474 470 0 
P 12 45 161 159 152 147 136 125 116 110 106  105 o 
P 12 55 468 460 442 432 342 336 303 394 289 287 -1 
P 12 40 306 3ql 289 279 7b3 252 237 327 221 210 0 
P 12 50 869 854 827 7f38 7i3 645 586 563 549 545 -1 
P 12 6 0  348 243 234 231 191) 172 154 15U 148 147 -1 
P 12 65 125 132 117 111 9 Y  86 78 75 73 73 -1 
l' 12 76 585 568 556 533 477 420 381 357 343 33.9 -2 
P 12 75 355 250 245 219 320 199 183 967 157 154 -2 
P 12 8 0  112 I f19  108 ln5  99 91 85 77 72 71 -2 
P 12 85 486 477 459 449 4.53 4 1 1  388 153 332 325 -3 
p 12 90 208 204 199 l04  191 185 179 162 152 148 -3 
P 12 95 R53 M33 807 872 949 867 841 764 ' 7 1 8  702 -4 
P 12 100  360 553 353 368 -593 412 405 ?6A 335 336 -4 
P 12 105 162 161 161 173 168 201 195 172 158 154 -4 
P 12 1 1 0  840 MfjO 872 912 9b2 992 947 P l b  737 711 -5 
P 13 25 251 250 249 248 249 250 251 249 248 248 1 
P 13 30 119 119 118 118 117 118 118 ltlb 115 115 1 
P 13 35 588 588 583 576 570 570 567 =55 550 549 0 
P 13 40 303 302 298 292 988 286 282 375 271 271 0 
P 13 45 161 160 157 154 151 149 145 i3cl 138 138 o 
P 13 50 865 861 848 824 ROM 792 769 734 730 729 -1 
P 13 55 466 464 456 440 430 420 908 389 388 309 -1 
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I 
P 13 60 
P 13 65 
t. 13 70 
P 13 75 
P 13 80 
P 13 90 
P 13 95 
P 13 100 
P 13 105 
P 13 110 
b 1 25 
0 1 30 
li 1 35 
L 1 40 
u 1 45 
b 1 50 
G 1 55 
IJ 1 60 
b 1 65 
D 1 70 
L 1 75 
L/ 1 00 
0 1 90 
IJ 1 95 
L, 1 10u 
CI 1 105 
I) 1 110 
u 2 25 
0 2 30 
D 2 35 
G 2 40 
L 2 45 
4 4  2 50 
I: 2 55 
L 2 60 
Li 2 65 
L 2 70 
c 2 75 
LJ 2 00 
u 2 85 
u 2 91, 
L 2 95 
IJ 2 100 
I, 2 105 
IJ 2 110 
u 3 25 
IJ 3 30 
L 3 35 
U 3 40 
ti 3 45 
0 3 50 
IJ 3 55 
0 3 60 
ir 3 65 
L/ 3 70 
r 13 85 
L i a5 
246 
123 
576 
256 
111. 
482 
206 
877 
384 
102 
960 
400 
170 
820 
404 
207 
100 
585 
327 
J 82 
952 
4 44 
195 
850 
370 
148 
580 
242 
108 
4 c o  
178 
823 
403 
205 
100 
591 
3 34 
162 
94 3 
444 
198 
845 
36 0 
147 
61 0 
364 
125 
399 
178 
827 
400 
204 
109 
605 
340 
105 
03 1 
244 
122 
576 
258 
112 
486 
208 
882 
306 
1 R2 
959 
393 
175 
815 
4Q O  
203 
107 
50 1 
325 
179 
926 
4.31 
190 
8 32 
365 
146 
574 
2 36 
196 
393 
174 
3s3 
201 
116 
SQ2 
532 
lR 1  
914 
435 
189 
b12 
344 3 
140 
571 
E46 
114 
337 
175 
831 
397 
lr?9 
6114 
34 3 
192 
912 
813 
2fJ2 
239 
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258 
113 
488 
207 
877 
385 
181 
943 
392 
173 
805 
386 
196 
104 
575 
320 
174 
906 
42 1 
187 
809 
349 
139 
56 0 
2 34 
104 
386 
172 
799 
386 
195 
104 
500 
325 
174 
873 
408 
185 
817 
34 7 
139 
574 
249 
114 
388 
I74 
805 
39 0 
198 
106 
59 1 
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174 
863 
239 
115 
545 
247 
1 n8 
460 
193 
81 4 
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873 
35 1 
800 
374 
171 
1 a9 
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554 
302 
164 
857 
180 
79 1 
3 39 
138 
571 
244 
107 
379 
791 
375 
1 A 7  
99 
545 
3r13 
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809 
3R2 
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7R5 
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247 
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3RO 
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3R2 
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3Q5 
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403 
171 
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525 
3 37 
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433 
178 
752 
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811 
377 
171 
79 1 
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180 
94 
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5 1 30 10 -2 -11 -34 -43 0 
5 1 3u 40 -2 -11 -43 -75 0 
5 1 30 70 -10 -11 -79 -75 0 
5 1 SO 100 -2 -20 -16 -32 0 
5 1 30 130 -2 14 47 77 0 
5 1 3cI 160 -2 14 93 153 0 
51 1 30 190 23 31 93 131 0 
5 1 5 0  220 6 14 47 66 0 
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S 1 40 13U 5 -45 -52 10 0 
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5 1 40 190 12 6 BO 90 0 
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5 ,1 52 250 -14 -45 -36 -39 
5 1 52 280 -19 -40 -40 -51 
5 1 52 310 -7 -29 -49 -54 
5 1 92 340 5 2 -67 -16 
5 1 bo 10 17 43 53 -5 
5 1 bo 40  26 82 65 10 
5 1 bo 70 36 77 77 25 
5 1 00 100 3 8 11 25 
5 1 60 130 -21 -31 -1 48 
5 1 60  160 -16 8 47 48 
s 1 bo 190 -11 -11 -7 48 
5 1 0 0  220 -11 -56 -31 33 
b 1 bo 250 -16 -51 -31 -43 
s 1 b O  280 -16 -41 -43 -66 
5 1 bO 310 -2 -31 -61 -81 
5 1 00 340 12 3 -79 -43 
5 1 b8 10 18 45 51 -13 
5 1 08 40  29 83 60  6 
1 b8 70 39 83 79 29 
5 1 b8 100  2 4 12 25 
5 1 b8 13U -26 -36 -4 55 
1 b8 160 -14 11 51 48 
5 1 68 190 -14 -10  -4 51 
5 1 b8 226 -14 -57 -28 32 
s 1 b6 250 -17 -52 -25 -39 
s 1 06 286 -14 -40 -45 -67 
5 1 06 310 -2 -30 -67 -81 
5 1 68 340 12 1 -78 -46 
5 1 76 1 0  18 40  39 -9 
5 1 76 4 0  28 71 51 6 
5 1 76 70 37 71 69 21 
5 1 76 100 -1 4 9 21 
5 1 76 130 -24 -32 -3 43 
5 1 7 6  160 -15 9 45 36 
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65 65 65 65 65 
50 58 58 58 St) 
52 52 52 52 52 
27 33 33 37 39 
29 33 33 42 45 
31 35 35 48 52 
32 39 39 52 56 
34 48 48 55 56 
35 54 54 55 55 
37 56 56 54 54 
39 57 57 57 56 
40 63 63 67 68 
42 70 70 79 82 
44 75 75 91 97 
45 72 72 102 112 
47 73 73 108 120 
49 79 79 109 119 
154 154 154 154 154 
79 79 79 79 79 
72 72 72 72 72 
65 65 65 65 65' 
56 58 58 58 5d 
52 52 52 52 52 
27 33 33 37 39 
29 33 33 42 45 
31 35 35 48 5Z  
32 39 39 52 50 
34 48 48 55 58 
35 54 54 55 55 
77 56 56 54 54 
39 57 57 57 56 
40 63 63 67 68 
42 70 70 79 81 
44 75 75 91 97 
45 72 72 102 112 
47 73 72 108 120 
49 79 79 109 119 
154 154 154 154 154 
79 79 79 79 7Y 
72 72 72 72 72 
65 65 65 65 65 
58 58 58 58 58 
52 52 52 52 52 
37 37 37 41 42 
79 36 36 48 52 
31 37 37 52 57 
32 42 42 59 65 
74 49 49 68 75 
35 55 55 74 8 0  
37 60 60 76 82 
38 64 64 79 84 
55 68 69 61 58 
69 87 88 93 95 
io0 to7 107 129 136 
75 75 75 75 75 
211 211 211 211 211 
146 146 146 146 146 
105 105 105 105 105 
81 81 81 (31 81 
69 69 69 69 69 
26 24 24 24 24 
27 25 25 26 26 
27 27 26 27 27 
28 26 27 26 29 
28 28 28 28 29 
28 30 31 29 28 
26 35 35 28 25 
29 40 41 29 25 
35 50 50 33 28 
44 63 63 40 33 
52 73 73 50 43 
55 76 77 64 59 
69 87 87 78 75 
100 92 91 93 93 
75 75 75 75 75 
211 211 211 211 211 
146 146 146 146 146 
105 105 105 1US 105 
81 81 01 81 61 
69 69 69 69 69 
26 25 24 24 24 
27 26 25 26 26 
28 27 26 27 27 
28 27 27 2d 28 
2R 30 30 29 28 
26 35 35 29 27 
30 $0 41 30 26 
35 51 51 33 27 
44 63 62 40 32 
52 74 73 50 42 
55 77 77 63 58 
69 88 8 R  77 73 
101 92 92 92 92 
75 75 75 75 75 
211 211 211 211 211 
146 146 146 146 146 
105 105 105 105 105 
81 81 81 &l 61 ' 
69 69 69 69 69 
26 25 24 24 24 
27 26 25 26 27 
28 27 27 27 27 
28 27 27 29 29 
28 2(1 28 29 29 
28 30 31 29 29 
26 34 35 28 26 
30 40 40 29 26 
28 28 ?R 29 30 
96 
k 8 65 28 47 47 65 74 
H 8 70 34 55 55 74 83 
H 8 75 35 54 54 75 87 
& 8 80 41 61  61 83 95 
R 8 85 48 61  61  78 89 
H 8 90 71 63 63 76 83 
H 8 100 144 144 144 144 144 
H 8 120 196 196 196 196 196 
h 8 140 136 136 136 136 136 
H 8 160 101  101  1 0 1  101 101 
R 8 180 80 80 80 80 80 
k 8 LOO 69 69 69 69 69 
h 9 25 33 45 45 57 61 
H 9 30 29 37 37 56 63 
f< 9 35 22 30 30 46 53 
R 9 40 16 27 27 4 1  46 
K 9 45 16 30 30 47 52 
k 9 50 17 35 35 55 62 
H 9 55 17 41 4 1  65 73 
K 9 60 18 49 49 68 75 
H 9 65 25 60 60 79 86 
H 9 70 32 59 59 86 95 
K 9 80 40 61  61  89 102 
H 9 85 48 59 59 8 1  91 
h 9 9 0  73 65 65 83 90 
R 9 Ab0 144 144 144 144 144 
h 9 120 196 196 196 196 196 
H 9 140 136 136 136 136 136 
k 9 A60 101 1 0 1  101 101 101  
Ci 9 160 80 80 80 80 80 
R <I LOO 69 69 69 69 69 
k10 25 34 45 45 58 63 
R 1 0  30 29 37 37 60 6R 
k10 35 22 30 30 51 58 
H10 40 16 27 27 48 55 
R10 45 16 30 30 54 62 
k l 0  50 17 35 35 65 74 
k10 55 17 4 1  4 1  77 90 
R 1 0  60 18 48 49 85 97 
k10 65 25 60 60 95 106 
H10 70 32 59 59 98 11? 
R 1 0  75 35 54 54 96 110 
R10 80 41 61 61  94 109 
k 1 0  85 49 59 59 84 95 
R10 90 74 65 64 84 95 
R10 A00 144 144 144 144 144 
R 1 0  A20 196 196 196 196 196 
R1O A40 136 136 136 136 136 
R10 160 101 1 0 1  1 0 1  101 101  
R10 180 80 80 80 80 8 0  
R 1 0  LOO 69 69 69 69 69 
H11 25 34 39 39 58 65 
R 1 1  30 29 40 40 62 70 
R 1 1  35 21 31 31 56 64 
R11 40 16 29 29 55 64 
H 9 75 35 54 54 88 99 
40 70 70 86 9 1  34 51 51 33 27 
42 75 75 96 303 44 62 62 40 32 
44 77 77 104 113 53 74 74 50 42 
45 75 75 112 t24 55 77 77 63 59 
47 75 75 113 126 70 88 87 76 72 
49 79 79 113 125 100 93 93 92 92 
154 154 150 150 150 75 75 7 s  75 75 
79 79 79 79 75 211 211 211 211 211 
72 72 72 72 72 146 146 146 146 146 
65 65 65 65 65 105 105 105 105 105 
58 58 58 58 56 8 1  81 R 1  81 8 1  
52 52 52 52 52 69 69 69 69 69 
2 1  41 41, 44 l45 26 20 20 3b 42 
33 38 38 54 59 27 22 22 41 48 
24 39 39 61 66 28 23 23 46 54 
26 44 44 70 79 28 28 27 50 57 
27 50 50  79 84 28 31 31 5 1  58 
39 57 57 86 95 28 33 33 45 49 
31 65 65 91 99 26 35 36 35 34 
32 72 72 93 1 0 1  29 32 31 34 34 
S4 76 76 100 107 35 26 27 38 34 
36 79 79 108 117 44 40 40 3& 37 
57 79 79 115 127 52 47 45 43 42 
59 78 78 118 131 55 72 74 60 55 
41 78 78 118 132 69 81 82 86 88 
43 79 79 118 131 99 96 96 112 '.17 
154 154 154 154 154 75 75 75 75 75 
79 79 79 79 79 211 211 211 211 211 
72 72 72 72 72 146 146 146 146 146 . 
65 65 65 65 65 105 105 105 105 105 
58 58 58 58 50 8 1  81 81 81 81 
52 52 52 52 52 69 69 69 a9 69 
21 41 41 46 t47 . 27 20 20 36 41 
33 38 38 58 65 27 21 22 42 49 
?4 39 39 68 76 29 23 22 40 53 
27 50 50 88 1 O A  28 31 30 51 58 
29 57 57 96 109 28 33 33 45 49 
31 65 65 103 116 26 35 35 35 35 
32 7 1  71 110 123 30 32 31 34 35 
34 76 76 116 129 35 26 27 $3 35 
35 79 79 121 134 44 40 41 59 37 
37 79 79 123 13b 52 47 d6 43 42 
39 78 70 124 139 56 73 73 60' 55 
41 78 78 123 337 69 81 A 1  66 88 
43 79 79 122 136 100 97 96 112 118 
154 154 154 154 154 75 75 75 75 75 
72 72 72 72 72 146 146 146 146 146 
65 65 65 65 65 105 105 105 105 105 
58 58 58 58 5b 8 1  81 81 81 81 
52 52 52 52 52 69 69 69 69 69 
21 34 34 46 5 1  27 20 20 36 41 
23 42 42 62 69 27 21 22 4 1  47 
24 41 41 75 8b 28 23 23 47 55 
26 47 47 88 1 0 1  28 28 29 50 57 
?b 44 44 79 9u 28 28 27 bU 57 
79 79 79 79 79 211 211 211 211 211 
H11 45 16 35 35 64 74 28 56 56 100 114 28 31 51  51 58 
97 
Hl1 50 
H11 55 
R11 60 
kll 65 
R11 70 
HL1 75 
Hll 80 
R11 85 
H11 90 
Kll 100 
R11 120 
Rll 140 
R11 160 
HA1 180 
H11 LOO 
H12 25 
H12 30 
K12 35 
H12 40 
H12 45 
H12 50 
k12 55 
R12 60 
k12 65 
H12 70 
kA2 75 
H12 80 
H12 85 
H12 90 
H12 100 
HA2 120 
til2 140 
H12 ~ 6 0  
k12 l&O 
H12 L O O  
-ti3 25 
k13 30 
HA3 35 
H13 40 
hi3 45 
A13 50 
kA3 55 
k13 60 
h i 3  65 
H13 70 
tc13 75 
H13 80 
HA3 85 
H13 90 
H13 A00 
h13 120 
H13 140 
H13 160 
H13 l&O 
H13 200 
17 43 43 76 87 
17 49 49 89 103 
25 68 68 102 113 
32 66 66 106 120 
36 60 60 102 117 
41 66 66 98 111 
49 61 61 88 99 
75 64 65 80 98 
144 144 144 144 144 
196 196 196 196 196 
136 136 136 136 136 
101 101 101 101 101 
80 8 0  80 80 80 
69 69 69 69 60 
34 46 45 72 81 
29 45 44 75 86 
21 32 32 63 74 
16 27 27 56 65 
16 32 32 64 74 
17 41 40 76 88 
17 47 47 08 101 
25 61 61 98 111 
32 63 63 108 123 
34 58 58 98 113 
41 70 70 103 115 
48 68 67 94 105 
75 68 69 92 103 
144 144 144 144 144 
196 196 196 196 196 
136 136 136 136 136 
101 101 101 101 101 
80 80 80 80 8 0  
69 69 69 69 69 
36 53 57 87 105 
26 49 82 130 154 
23 51 107 166 191 
27 60 150 239 275 
26 64 165 266 307 
28 71 178 293 339 
35 78 185 314 373 
44 79 178 331 401 
52 72 154 319 404 
59 76 124 270 36? 
70 76 99 173 268 
96 86 147 128 196 
178 162 252 238 246 
196 196 196 196 196 
136 136 136 136 136 
101 101 101 101 101 
80 80 80 80 80 
69 69 69 69 69 
18 57 57 94 107 
18 54 54 93 107 
32 52 64 io7 130 
24 54 131 205 237 
29 66 66 109 123 
51 74 74 116 130 
32 81 81 121 134 
34 85 85$ 123 136 
35 87 87 129 143 
37 86 86 130 145 
59 88 88 128 142 
41 84 84 128 142 
43 80 80 129 146 
154 154 154 154 154 
79 79 79 79 79 
72 72 72 72 72 
45 65 65 65 65 
58 58 58 58 58 
52 52 52 52 52 
21 34 34 47 51 
23 42 42 64 71 
24 41 41 81 94 
26 47 47 96 113 
26 56 56 109 927 
29 66 66 120 13t) 
31 74 74 129 146 
32 81 81 135 153 
34 85 85 138 956 
36 87 87 143 162 
37 86 86 144 163 
39 88 08 139 157 
41 85 84. 136 150 
43 80 80 135 954 
154 154 154 154 354 
79 79 79 79 79 
72 72 72 72 72 
65 65 65 65 65 
5a 5a 58 58 58 
52 52 52 52 52 
25 43 44 63 81 
27 49 46 78 97 
29 50 57 97 120 
31 60 80 127 949 
33 67 108 166 192 
36 74 134 210 339 
39 80 155 240 375 
42 86 175 268 305 
Y O  95 193 299 Z40 
45 99 206 334 335 
50 99 203 362 431 
fi0 90 149 315 011 
65 90 128 199 387 
172 169 261 246 270 
79 79 79 79 79 
72 72 72 72 72 
65 65 65 65 65 
56 58 58 58 58 
52 52 52 52 52 
56 94 189 369 457 
28 33 33 45 49 
26 35 35 35 35 
30 32 32 34 35 
36 26 27 32 34 
44 41 40 38 37 
55 73 73 61 56 
69 81 81 86 87 
101 95 97 1lP 117 
75 75 75 75 75 
211 211 211 21A 211 
146 146 146 146 146 
105 105 105 105 105 
81 81 A 1  61 81 
69 69 69 69 69 
27 31 31 56 64 
27 35 34 66 76 
27 37 37 73 84 
28 38 39 76 88 
28 39 39 73 85 
28 $ 0  40 66 74 
26 39 39 58 65 
29 38 58 57 64 
35 44 43 73 82 
44 57 57 70 74 
52 73 74 66 90 
56 86 85 103 109 
68 97 96 110 120 
101 102 102 119 124 
75 75 75 75 75 
211 211 211 211 211 
146 146 146 146 146 
105 105 105 105 105 
81 81 81 bl 81 
69 69 69 69 69 
26 25 29 51 103 
27 27 40 62 110 
28 30 50 71 117 
29 31 51 79 121 
29 33 49 78 116 
28 34 44 66 81 
26 35 42 57 63 
33 36 39 55 73 
30 40 45 53 80 
47 53 61 50 70 
53 66 82 69 66 
56 79 111 117 96 
71 91 138 170 177 
103 103 153 186 195 
91 83 79 103 127 
211 211 211 211 211 
146 146 146 146 146 
105 105 105 1US 105 
81 81 81 61 61 
69 69 69 69 69 
53 47 46 4a 42 
98 
H C  1 0 3 7 5 5 3 9  3 7 5 5 3 9  
f i k l  5 2 1 6  9 3 3 3  2 1 6  9 3 3 3  
H w - 1  10  10  35 14 3 17 1 0  35 14 3 17 
RN 1 15 11 33 14 9 6 11 33 14 9 6 
HW 1 20 2 16 11 14 17 2 16 11 1 4  17 
f4h 1 25 8 8 12 21 33 8 8 12 2 1  33 
H* 1 30 8 18 17 23 35 8 18 17 23 35 
hk 1 35 11 23 19 40 69 11 23 19 40 69 
i3h 1 40 12 28 27 32 5 1  12 28 27 32 51 
UkI 1 45 16 28 36 41 72 16 28 36 41 72 
H* 1 50 25 32 44 14 5 25 32 44 14 5 
Hw 1 55 17 30 54 18 3 17 30 54 18 3 
Hk 1 60 19 34 38 16 6 19 34 38 18 6 
H* 1 65 9 24 27 21  7 9 24 27 21  7 
Hk 1 70 16 19 19 I b  20 16 19 19 16 2 0  
R N  1 75 33 22 16 35 29 23 22 16 35 29 
Hk 1 85 31 22 21  50 54 31 22 21  50 54 
Hw 1 90 37 2 21  52 54 37 2 2 1  52 54 
R* 1 100 21 5 24 53 53 21  5 24 53 53 
fib 1 120 72 24 52 52 52 72 24 52 52 52 
h* 1 140 69 69 69 69 69 69 69 69 69 69 
fin 1 160 87 07 87 87 87 87 87 87 87 87 
HW 1 100 87 87 87 8'1 87 87 87 87 87 87 
H* 1 200 87 87 87 87 87 87 87 87 87 87 
Rw 2 0 3 8 3 3 9  3 8 3 3 9  
R W 2 5  2 1 6 5 2 8  2 1 8 5 2 8  
H h 2 1 0  9 3 9  8 2 4 9 3 9  8 2 4 
R w 2 1 5  1 0 3 7  8 b 1 1 0 3 7  8 6 1 
f i h 2  20 2 18 6 9 4 2 18 6 9 4 
H b 2  25 7 9 7 13 8 7 9 7 13 8 
Hk 2 30 7 15 9 17 12 7 15 9 17 12 
RC 2 35 10  21 17 13 6 1 0  21 17 13 6 
Rk 2 40 15 24 30 6 9 15 24 30 6 9 
Hk 2 45 13 26 39 b 4 13 26 39 8 4 
AW 2 50 24 29 53 15 16 24 29 53 13 16 
Rh 2 55 18 25 42 b 17 18 25 42 8 17 
RW 2 60 16 33 32 21 5 16 33 32 21 5 
k* 2 65 16 31 22 19 8 16 31 22 19 8 
f4h 2 70 20 33 5 Y 19 20 33 5 9 19 
hc 2 75 27 40 5 35 30 27 40 5 35 30 
Hb 2 80 22 24 9 60 90 22 24 9 60 90 
HW 2 85 30 21 7 40 58 30 21 7 40 58 
Rw 2 90  4 31 2 47 56 4 31 2 47 56 
H b  2 1 0 0  12 44 9 53 53 12 44 9 53 53 
Rk 2 120 50 3 52 52 52 50 3 52 52 52 
RM 2 140 69 69 69 69 69 69 69 69 69 69 
HW 2 160 87 87 87 87 R7 87 07 87 87 87 
R M  2 180 07 87 87 87 87 87 07 87 87 87 
RW 2 200 07 87 87 87 87 87 87 87 87 87 
R w 3 0  2 7 3 3 9  2 7 3 3 9  
R N 3  5 2 16 6 2 8 2 1 6  6 2 8 
R w 3  10 8 35 9 2 4 8 35 9 2 , 4  
R H 3 1 5  8 3 3  9 5 1 8 3 3  9 5 1 
R w 3 2 0  2 1 6  7 b 4 2 1 6  7 8 4 
RW3 25 6 8 8 12 8 6 0 8 12 8 
R *  3 30 7 11 12 1 U  5 7 11 12 10 5 
kwl 1 80 20 12 22 67 P2 20 12 22 67 62 
99 
R w  3 35 
krl 3 40 
Rw 3 45 
fiw-3 50 
Rw 3 55 
Hw 3 60 
HW 3 65 
RW 3 70 
Rk 3 75 
R W  3 80 
HrJ 3 05 
H b  3 90 
HU 3 100 
Rw 3 120 
RH 3 140 
k* 3 160 
HW 3 180 
Hw 3 200 
Hh 4 0 
Rw 4 5 
Hk 4 10 
Ftk 4 15 
Hw 4 20 
Hlk 4 25 
HW 4 30 
hw 4 35 
kUr 4 40 
Hw 4 45 
HVI 4 50 
Rlk 4 55 
HW 4 60 
Rw 4 65 
HH 4 70 
f i w  4 75 
Hh 4 80 
)tH 4 85 
Hk 4 90 
HW 4 100 
Hk 4 120 
Hk 4 140 
klk 4 160 
Hk 4 200 
kk 5 0 
Hrr 5 5 
RW 5 10 
HW 5 15 
HH 5 20 
Hk 5 25 
kb 5 30 
hm 5 35 
hur 5 40 
R* 5 45 
hk 5 50 
t3ud 5 55 
Hk 5 60 
Ha 5 65 
hk 4 iao 
10 18 14 13 10 10 18 14 13 10 
11 14 21 10 2 11 14 21 10 2 
12 23 27 19 11 12 23 27 19 11 
15 22 34 26 26 15 22 34 26 26 
14 19 30 25 26 14 19 30 25 26 
15 25 24 21 37 15 25 24 21 37 
23 30 47 14 7 23 30 47 14 7 
24 15 40 10 20 24 15 40 10 20 
30 20 25 35 29 30 20 25 35 29 
23 47 11 32 A 2  23 47 11 32 82 
28 15 7 Q8 54 20 15 7 48 54 
39 20 4 51 54 39 20 4 51 54 
27 21 29 53 53 27 21 29 53 53 
31 40 52 52 52 31 40 52 52 52 
69 69 69 69 69 69 69 69 69 69 
67 87 87 87 87 07 87 67 87 87 
07 87 87 07 87 07 07 (37 87 67 
87 87 87 87 87 (37 07 07 87 87 
2 4 1 1  9 5 2 4 1 1  9 5 
1 8 1 7  6 4 1 0 1 7  0 4 
4 1 7 2 6  8 3 4 1 7 2 6  8 3 
4 1 5 1 9  7 2 4 1 5 1 9 7  2 
3 9 7 5 3  3 9 7 5 3  
5 7 9 9 5  5 7 9 9 5  
9 10 14 14 13 9 10 14 14 13 
10 12 11 13 8 10 12 11 13 8 
11 15 11 12 5 11 15 11 12 5 
12 13 15 5 5 12 13 15 5 5 
15 14 14 13 2 15 14 14 13 2 
14 11 18 10 13 14 11 18 10 13 
17 18 16 14 15 17 18 16 14 15 
1 6 1 9  4 tl 6 1 0 1 9  4 8 6 
4 27 7 11 22 4 27 7 11 22 
27 19 5 34 28 27 19 5 34 28 
14 22 13 4 75 14 22 13 4 75 
38 26 7 55 51 30 26 7 55 51 
20 24 6 54 53 20 24 b 54 53 
32 71 52 52 52 22 71 52 52 52 
69 69 69 69 69 69 69 69 69 69 
07 87 87 87 87 87 07 07 87 87 
87 07 87 87 A7 07 87 87 87 07 
87 07 87 87 87 87 87 87 87 87 
1 1 12 13 6 1 1 12 13 6 
1 1 18 13 6 1 1 18 13 6 
1 3 27 13 6 1 3 27 13 6 
1 1 1 8  b 6 1 1 1 8  8 6 
4 3 3 3 6  4 3 3 3 6  
5 5 6 8 1 2  5 5 6 8 1 2  
9 b 9 0 1 1  9 6 9 8 1 1  
9 6 1 1  6 1 3  9 6 1 1  6 1 3  
9 15 11 4 16 9 15 11 4 16 
0 13 12 9 10 0 13 12 9 10 
11 18 16 20 15 11 18 16 20 15 
14 15 20 21 6 14 13 20 21 6 
9 13 6 11 15 9 13 6 11 15 
58 25 4 5s 53 58 25 4 53 53 
12 11 10 9 5 12 11 10 9 5 
100 
Hk 5 70 7 22 6 20 33 7 22 6 20 23 
Rh 5 75 21 38 10 10 27 21 38 10 10 27 
hb 5 80 11 15 2 24 67 11 15 2 24 67 
Hh 5 85 42 10 4 29 47 42 10 4 29 47 
hb 5 90 34 8 7 41 51 24 8 7 41 51 
H I  5 100 4 1  36 1 53 53 4 l  36 1 53 53 
Rlr 5 120 16 20 52 52 52 16 20 52 52 52 
kk 5 140 69 69 69 69 69 69 69 69 69 69 
RW 5 160 87 07 87 07 67 87 87 87 87 87 
fib 5 180 R7 87 87 87 87 87 87 87 87 b7 
Rlu 5 200 87 8? 87 07 87 87 87 87 87 87 
Rk 6 0 1 1 4 5 2  1 1 4 5 2  
H r 6 5  1 1 6 5 2  1 1 6 5 2  
H h 6  10 1 2 9 5 2 1 2 9 5 2  
h k 6  15 1 1 6 3 2 1 1 6 3 2  
h h 6 2 0  6 2 1 1  2 6 2 1 1  2 
h k 6 2 5  7 4 2 3 4 7 4 2 3 4 
f t r C 6 3 0  R 5 3 4 5 8 5 3 4 5 
H k 6 3 5  9 5 3 5 6 9 5 3 5 6 
H k 6 4 0  6 5 2 b 9 b 5 2 6 9 
R W 6  45 7 b 3 8 12 7 6 3 8 12 
h w 6 5 0  11 8 5 9 1 8  11 8 5 9 1 8  
R H 6 5 5  16 8 2 9 1 6  16 8 2 9 1 6  
Hk 6 60 12 10  5 11 15 12 10 5 11 15 
k w 6  65 9 11 10  9 4 9 11 10 9 4 
HW 6 70 11 10 16 20 24 11 10 16 20 24 
HW 6 75 14 26 9 14 26 14 26 9 14 26 
Hw 6 80 7 32 13 19 59 7 32 13 19 59 
Hhr 6 85 47 28 1 10 43 47 28 1 10 43 
R *  6 90 28 23 17 34 49 28 23 17 34 49 
Hw 6 100 24 28 15 55 53 24 28 15 53 53 
HW 6 120 9 44 52 52 52 9 44 52 52 52 
RW 6 140 69 69 69 69 69 69 69 69 69 69 
Hk 6 160 87 87 87 87 A7 87 87 87 87 87 
hh 6 180 87 87 87 07 87 87 07 87 07 87 
HW 6 200 87 87 87 87 87 87 87 87 87 87 
H M 7 O  1 1 4 5 1  1 1 4 5 1  
k W 7 5  1 1 6 5 1  1 1 6 5 1  
Hur7 10 1 2 9 5 1 1 2 9 5 1  
H W 7  15 1 1 6 3 1 1 1 6 3 1  
h * 7  20 4 2 1 1 1 4 2 1 1 1  
h a 7 2 5  5 4 2 3 2 5 4 2 3 2 
H k 7  30 5 5 3 4 4 5 5 3 4 4  
k w 7 3 5  6 6 2 3 3 6 6 2 3 3 
H w 7  40 11 7 3 3 4 11 7 3 3 4 
R w 7 r 5  8 7 6 b 9 8 7 6 6 9 
HW 7 50 12 7 21 5 6 12 7 21 5 6 
Rk 7 55 17 9 39 10 14 17 9 39 10 14 
HW 7 60 20 13 7 B 21 20 13 7 8 21 
HW 7 65 5 21 20 b 3 5 21 20 8 3 
RW 7 70 14 22 14 20 25 14 22 14 20 25 
RW 7 75 8 33 14 lb 25 8 33 14 18 25 
Hw 7 80 4 3 22 14 52 4 3 22 14 52 
Rm 7 85 51 25 20 2 40 51 25 20 2 40 
Hm 7 90 32 13 30 27 47 32 13 30 27 47 
Rh 7 100 32 13 31 53 53 32 13 31 53 53 
HLr 7 120 41  67 52 52 52 4 1  67 52 52 52 
101 
H I  7 140 
Hrr 7 160 
Hw 7 180 
Hrr 7 200 
Rw 8 0 
R@ 8 5 
Rw 8 10 
Rh 8 15 
HW 8 20 
Hw 8 25 
H* 8 30 
Rk 8 35 
Rh 8 40 
H* 8 45 
HW 8 50 
Hw 8 55 
RW 8 60 
Hw 8 65 
H* 8 70 
8 75 
w 8 a0 
uur 8 a5 
HW 8 90 
f3k1 8 100 
hw 8 120 
I i W  8 A40 
kW 8 160 
H a  8 180 
H b  8 200 
hrr 9 0 
Rw 9 5 
Rw 9 10 
H b  9 15 
hvc 9 20 
Hb 9 25 
hb 9 30 
hk 9 35 
kL 9 40 
kk 9 45 
hk 9 50 
hk 9 55 
kw 9 60 
H* 9 65 
Hb 9 70 
Hw 9 75 
RW 7 80 
h* 9 85 
Ha 9 90 
h* 9 100 
Fcw 9 120 
kvr 9 140 
h* 9 160 
Hvc 9 180 
Rk 9 200 
he410 0 
HklO 5 
hwlO 10 
69 
87 
87 
87 
2 
2 
2 
2 
6 
8 
11 
8 
13 
10 
16 
16 
22 
27 
14 
13 
4 
YO 
20 
100 
90 
69 
$7 
P 7  
87 
1 
1 
1 
1 
5 
6 
8 
J3 
7 
9 
15 
13 
13 
5 
13 
17 
3 
28 
22 
71 
64 
69 
87 
R 7  
87 
2 
2 
5 
69 
07 
87 
1 
1 
2 
1 
2 
3 
4 
5 
5 
0 
8 
10 
16 
25 
16 
40 
24 
21 
8 
19 
24 
69 
87 
87 
87 
1 
1 
2 
1 
2 
3 
5 
6 
6 
7 
9 
10 
13 
lb 
15 
19 
20 
16 
28 
51 
69 
87 
87 
87 
2 
4 
CI 
a7 
14 
69 
87 
87 
4 
6 
9 
6 
1 
2 
3 
4 
4 
3 
10 
8 
6 
15 
12 
18 
31 
38 
43 
47 
52 
69 
87 
87 
87 
6 
9 
14 
9 
2 
3 
4 
3 
3 
11 
16 
17 
4 
7 
25 
11 
50 
39 
40 
45 
52 
69 
87 
87 
87 
5 
8 
12 
a7 
69 
87 
87 
87 
3 
3 
3 
2 
1 
2 
2 
2 
4 
2 
b 
6 
12 
b 
20 
22 
35 
30 
41 
53 
52 
69 
87 
87 
87 
5 
5 
5 
3 
1 
3 
c) 
4 
L3 
5 
b 
8 
19 
14 
24 
26 
49 
44 
46 
53 
52 
69 
87 
87 
87 
6 
6 
6 
69 
87 
87 
87 
5 
5 
5 
5 
5 
9 
3 
6 
19 
7 
6 
5 
12 
2 
26 
24 
44 
36 
45 
53 
52 
69 
R7 
R7 
R7 
2 
2 
2 
2 
2 
3 
3 
3 
5 
5 
7 
5 
18 
3 
35 
25 
52 
YO 
47 
53 
52 
69 
87 
87 
87 
10 
4 
3 
69 69 
87 87 
87 87 
2 1  
2 1  
2 2  
2 1  
6 2  
8 3  
11 4 
8 5  
13 5 
10 8 
16 8 
16 10 
22 16 
27 25 
14 16 
13 40 
4 24 
40 21 
20 8 
100 19 
90 24 
69 69 
a7 87 
a7 87 
87 87 
A7 87 
1 1  
1 1  
1 2  
1 1  
5 2  
6 3  
8 5  
13 6 
7 6  
9 7  
15 9 
13 10  
13 14 
5 13 
13 16 
17 15 
3 19 
28 20 
22 18 
71 28 
64 51 
69 69 
87 87 
67 67 
87 87 
2 2  
2 4  
5 8  
69 
87 
87 
87 
4 
6 
9 
6 
1 
2 
3 
4 
4 
3 
10 
8 
6 
15 
12 
18 
31 
38 
43 
47 
52 
69 
87 
87 
87 
6 
9 
14 
9 
2 
3 
4 
3 
3 
11 
16 
17 
4 
7 
25 
11 
50 
39 
45 
52 
69 
87 
a7 
87 
5 
8 
12 
40 
69 
87 
87 
87 
3 
3 
3 
2 
1 
2 
2 
2 
4 
2 
6 
6 
12 
A 
20 
22 
33 
30 
41 
53 
52 
69 
87 
87 
07 
5 
5 
5 
3 
1 
3 
4 
4 
5 
5 
6 
8 
13 
14 
24 
26 
49 
44 
48 
53 
52 
69 
87 
87 
87 
6 
6 
6 
69 
87 
87 
87 
5 
5 
5 
5 
5 
9 
3 
6 
19 
7 
6 
5 
12 
2 
26 
24 
44 
36 
45 
53 
52 
69 
87 
(17 
(17 
2 
2 
2 
2 
2 
3 
3 
3 
5 
5 
7 
5 
3 
25 
25 
52 
40 
47 
53 
52 
69 
67 
87 
87 
10 
4 
3 
ia 
R w l O  15 
H W l O  20 
kUl0 25 
H b l O  30 
R v r l O  35 
R H l O  40 
kW1O 45 
H W l O  50 
H l h l O  55 
’ H W l O  60 
H n l O  65 
H k l O  7 0  
Rlhl0 75 
hk10 80 
R H l O  85 
R C l O  90 
H k l O  100 
H w l 0  120 
hk10 140  
R W l O  160 
R b l O  180 
hvrlO 200 
fir11 0 
hWll 5 
k k l l  1 0  
H w l l  15 
H w l l  20 
hwll 25 
H b l l  30 
hwrll 35 
R w l l  40 
H k l l  45 
R W l l  50 
H R l l  55 
H b l l  60 
h w l l  65 
R k l l  70 
R k l l  75 
R k l l  8 0  
H k l l  05 
R w l l  90 
h k l l  100 
H W l l  120 
H a l l  140 
H h l l  160 
R w l l  180 
H W l l  200 
Hk12 0 
Rw12 5 
Rw12 10 
Hb12 1s 
RW12 20 
Rw12 25 
RW12 30 
RWl2 35 
HW12 40 
W l 2  45 
5 7 9 5 2  
4 4 3 5 3  
6 3 4 6 5  
7 4 8 7 3  
1 0  4 7 11 3 6  
12 6 10  11 16 
11 7 11 26 57 
21 12 14 27 8 
17 14 7 26 7 
18 19 5 26 3 
28 18 1 4  19 4 
13 16 19 27 24 
22 14 36 29 26 
3 10 69 64 59 
17 54 39 57 43 
24 1 0  37 55 49 
41 26 43 53 53 
37 60 52 52 52 
69 69 69 69 69 
87 07 87 87 87 
87 07 87 87 A 7  
87 87 87 87 A7 
2 5 3 2 I 4  
2 12 5 1 12 
8 2 b  8 1 6  
0 2 5  0 4 2 
2 1 2  6 b 6 
6 b 7 9 1 2  
7 8 10  13 17 
1 0  11 12 14 17 
12 17 12  15 34 
11 13 21 34 53 
21 13 14 31 26 
17 16 11 29 6 
18 17 9 30 18 
19 23 23 25 5 
24 31 26 31 23 
29 25 32 33 27 
22 23 39 71 47 
28 24 34 62 51 
36 33 41 53 53 
39 36 52 52 52 
69 69 69 69 69 
87 87 87 07 R7 
07 87 87 87 s7 
2 16 14 2 34 
10 35 21 2 12 
11 33 21 7 4 
12 16 17 11 12 
0 8 18 17 24 
12 17 13 20 25 
12 18 17 23 32 
16 18 20 32 59 
15 29 35 9 48 
16 39 52 0u 67 
07 07 87 a7 ~7 
3 7 8 4 2 8  
5 7 9 5  
4 4 3 3  
6 3 4 6  
7 4 8 7  
1 0  4 7 11 
12 6 10 11 
11 7 11 28 
17 14 7 28 
18 19 5 26 
28 18 14 19 
13 16 19 27 
22 14 36 29 
17 54 39 57 
24 1 0  37 55 
41  26 43 53 
37 60 52 52 
69 69 69 69 
07 87 87 87 
07 a7  67 87 
87 87 87 07 
2 5 3 2  
2 1 2  5 1 
8 2 6  8 1 
E 2 5  8 4 
2 1 2  6 6 
6 6 7 9  
7 R 10 13 
1 0  11 12 14 
12 17 12 15 
11 13 21 34 
21 13 14 31 
17 16 11 29 
18 17 9 30 
19 23 23 25 
24 33 26 31 
29 25 32 33 
16 39 52 8 0  
22 23 39 71 
28 24 34 62 
36 33 41 53 
34 36 52 52 
21 12 14 27 
3 i o  69 64 
b9 69 69 69 
87 87 a7 87 
87 a7 67 87 
87 a7 87 87 
3 7 0 4  
2 16 14 2 
1 0  35 21 2 
11 33 21 7 
12 16 17 11 
8 8 18 11 
12 17 13 20 
16 18 20 32 
15 29 35 39 
12 18 17 23 
2 
3 
5 
3 
36 
A6 
57 
8 
7 
3 
4 
24 
26 
59 
43 
49 
53 
52 
69 
87 
87 
87 
14 
12 
6 
2 
6 
12 
17 
17 
34 
53 
26 
6 
18 
5 
23 
27 
67 
47 
51 
53 
52 
bg 
87 
87 
87 
28 
24 
12 
4 
12 
24 
25 
32 
59 
48 
REPRoDucIBnm OF m 
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Hhl2 50 
Rkl2 55 
R*12 60 
Rrt12 65 
Hal2 70 
H*l2 75 
Hr12 00 
R m l 2  05 
HW12 90 
HW12 100 
hk12 120 
Hh12 140 
Rw12 160 
Rml2 100 
Hw12 200 
Hkl3 0 
Rh13 5 
Rw13 10 
Hkl3 15 
Rk13 20 
Rw13 25 
Rhl3 30 
RW13 40 
H N l 3  45 
RNl3 50 
Hk13 55 
Hw13 60 
Hwl3 65 
hw13 70 
Hh13 75 
Rh13 00 
HCl3 05 
Hbl3 90 
Rk13 120 
R*l3 140 
hw13 160 
Rw13 180 
HW13 200 
~ ~ 1 3  35 
H ~ l 3  100 
17 26 30 26 32 
15 25 37 28 20 
15 24 26 28 37 
26 26 31 23 6 
10 28 32 24 32 
36 11 27 34 28 
20 28 35 73 75 
26 22 39 61 SI 
33 27 30 57 53 
30 55 39 53 53 
31 45 52 52 52 
69 69 69 69 h9 
87 07 07 07 87 
87 07 07 07 87 
2 4 6 5 1 1  
5 17 14 5 5 
5 16 11 5 3 
4 9 5 5 5  
6 6 7 9 1 0  
0 9 9 11 11 
10 11 10 12 16 
12 13 13 12 19 
11 15 i a  17 24 
17 17 23 17 14 
16 16 24 17 12 
16 20 15 18 17 
16 21 19 15 5 
14 21 18 19 23 
22 25 17 27 27 
13 23 27 43 67 
33 24 22 41 47 
26 17 23 47 51 
41 26 27 53 53 
41 40 52 52 52 
69 69 69 69 69 
87 07 07 87 87 
A7 87 87 07 87 
07 87 07 87 R7 
87 07 87 07 n7 
2 8 9 5 9  
----LN~ OF FILE WRITTEN---- 
*UUCk+I-B IENNI AL 
15 2 110 
6P 29 5 260 
QP 25 6 394 
QP 3U 6 580 
QP 35 8 701 
QP 4u 9 745 
Qr 45 9 819 
QP 5U 8 A37 
UP 53 7 R08 
OF. 6b 7 737 
QP 65 6 680 
6P 79 5 610 
QP 75 4 550 
17 26 30 28 32 
15 25 37 28 28 
15 24 26 28 37 
26 26 31 23 6 
10 20 32 24 22 
36 i1 27 34 28 
28 28 35 73 75 
26 22 39 61 51 
33 :27 30 57 53 
30 55 39 53 53 
69 69 69 69 69 
31 45 52 52 52 
07 87 07 07 87 
67 $47 87 07 87 
07 87 07 07 67 
2 4 6 5 1 1  
2 0 9 5 9  
5 17 14 5 5 
5 16 11 15 3 
4 9 5 5 5  
6 6 7 9 1 0  
8 9 9 11 11 
lG I1 10 12 16 
12 13 13 12 A9 
11 15 18 17 24 
17 17 23 17 14 
16 16 24 17 12 
16 20 15 10 17 
16 21 19 15 5 
14 21 18 19 23 
22 25 17 27 07 
13 23 27 43 67 
33 24 22 41 47 
26 17 23 47 51 
41 28 27 53 53 
41 40 52 52 52 
b9 69 69 69 69 
07 87 67 A 7  07 
87 67 87 87 87 
07 87 87 07 87 
OSCILLATIONSI(Q~~ODIQT)* 
1 440 2 415 2 300 2 375 
3 490 3 43’5 3 375 3 360 
4 523 5 470 6 420 6 405 
4 642 11 50n 16 340 10 2b0 
6 613 19 480 29 330. 33 300 
10 653 29 490 46 310 51 245 
7 767 30 605 50 310 55 220 
6 66 29 62Q 46 305 51 200 
11 127 27 65n 44 265 49 175 
23 143 26 66n 33 280 35 190 
23 255 21 710 16 250 13 160 
15 300 14 730 10 240 8 150 
25 205 25 69n 25 265 25 170 
’ 104 
QP 8 0  2 485 
QP 85 1 420 
QP 90 0 360 
QL, 15 3 711 
QL1 20 5 130 
Qlr 25 8 277 
QU 3C 12 400 
QL/ 35 8 596 
6b 40 9 714 
QG 45 11 767 
00 50 11 808 
OL/ 55 8 847 
QLj 60 13 792 
Qtr 65 10 741 
QU 70 7 690 
QG 75 4 650 
Wb 82, 2 600 
WD 85 1 555 
Qu 90 0 510 
U7 15 2 467 
OT 23 6 604 
QT 3U 12 ‘770 
Q T  35 6 868 
Q T  4u 2 43 
O T  45 9 70 
UT 5u 3 287 
Q T  55 3 566 
WT 6 0  6 403 
UT 65 5 518 
UT 70 3 633 
QT 75 3 685 
Q T  80 2 800 
QT 85 1 13 
QT 9 0  0 97 
QT 2~ 4 568 
*OUASI-BIENNIAL 
QU 15 70 180 
QU 20 130 280 
QU 25 163 382 
QU 30 161 506 
QU 35 125 761 
QU 4u 120 778 
OU 43 117 820 
OU 5U 99 836 
QU 55 66 235 
(UU 60 54 314 
QU 65 42 420 
OU 70 30 520 
QU 75 23 620 
QU 80 16 720 
QU 85 9 820 
QU 90 0 50 
Q V  15 2 450 
QI, 20 4 520 
WV 25 6 602 
Q V  30 8 562 
8 350% 7 
3 400 3 
0 450 0 
1 465 1 
4 530 2 
5 587 4 
2 658 8 
4 489 14 
7 605 21 
11 700 31 
5 822 29 
6 64 33 
LR 77 40 
t3 122 32 
9 140 25 
6 152 16 
3 162 8 
1 170 3 
0 170 0 
1 750 3 
2 100 5 
2 285 8 
2 630 10 
5 704 15 
4 731 16 
6 192 8 
4 222 3 
6 213 6 
10 254 10 
8 270 9 
6 285 6 
4 297 4 
3 310 3 
1 322 1 
0 332 0 
OSCILLATION5 
1 45 8 
3 140 20 
4 192 35 
45 265 58 
64 350 55 
48 435 40 
9 533 18 
bo 740 30 
62 720 50 
66 682 75 
75 720 65 
65 720 50 
50 720 35 
36 720 20 
20 720 10 
0 720 0 
1 718 5 
2 ‘620 10 
3 510 15 
6 288 15 
755 
780 
805 
575 
545 
425 
470 
525 
bin 
500 
640 
620 
630 
645 
660 
66 
66n 
660 
660 
35 1 
88 n 
750 
525 
545 
700 
600 
54@ 
450 
440 
400 
365 
300 
27 0 
sin 
340 
1-W I FJD 
165 
195 
230 
250 
295 
320 
320 
485 
485 
460 
49 0 
520 
550 
58 0 
615 
650 
79 1 
710 
600 
475 
6 230 5 140 
2 220 1 130 
0 210 0 120 
1 785 1 830 
2 620 2 640 
3 495 2 475 
10 335 10 290 
20 350 22 325 
32 315 35 260 
46 335 51 280 
52 290 58 210 
54 270 61 205 
52 270 56 205 
44 260 47 1YO 
34 260 38 190 
22 260 23 190 
11 260 12 190 
4 260 4 190 
0 260 0 190 
4 120 4 0 
7 180 8 75 
11 225 12 150 
13 280 14 240 
19 300 20 270 
23 300 25 260 
10 250 11 210 
1 860 0 770 
7 700 7 630 
11 450 11 350 
10 370 10 270 
7 190 7 90 
5 150 5 30 
3 70 3 840 
2 830 2 740 
0 730 0 640 
SI(QUIQV)*  
20 280 30 305 
45 260 60 280 
62 265 75 265 
69 235 73 225 
51 245 50 220 
32 230 30 195 
28 135 SO 70 
19 240 12 170 
38 275 30 210 
60 265 51 200 
50 270 40 200 
35 280 30 205 
25 285 20 210 
13 295 10 215 
5 305 5 220 
0 315 0 230 
7 835 7 i 5  
15 760 15 830 
22 675 24 700 
22 650 24 720 
105 
OV 35 5' 587 16 382 22 
Q V  40 8 687 17 292 23 
Q V  45 1 96 11 209 19 
Q V  53 9 105 12 593 22 
CJV 55 19 431 I+ 651 9 
Q V  6u 40 660 58 625 35 
OV 65 30 769 45 480 29 
@b 7U 22 7 2i3 376 22 
6 V  75 14 285 17 279 15 
Q V  8 U  8 393 9 181 8 
W V  85 3 586 3 84 4 
6 V  Yu 0 770 0 717 0 
----im OF FILE WITTEN---- 
485 
440 
325 
24 rl 
165 
30 
0 
790 
710 
630 
55n 
470 
106 
27 585 29 630 
28 575 30 640 
25 430 27 475 
32 370 37 405 
14 285 17 320 
14 140 7 190 
12 150 5 135 
9 90 3 60 
6 20 2 25 
4 815 1 790 
2 750 1 635 
0 685 0 500 
APPENDIX B 
SAMPLE INPUT AND OUTPUT FOR THE PROFILE PROGRAM 
I n p u t  t o  PROFILE i s  as follows: 
(All input data cards are i n  free f ie ld  format.) 
INITIAL HEIGHT - 
INITIAL LATITUDE - 
INITIAL WEST - 
LONGITUDE 
c 
2 DATE 
5 
GREENWICH TIME - 
LAT INCREMENT - 
WEST LON - 
INCREMENT 
HEIGHT INCREMENT - 
MAXIMUM NUMBER 
OF POSITIONS 
- 
Height of s t a r t i n g  position, km 
Lati tude of  s tar t ing position (degrees, southern 
1 a t i  tudes negative) 
West longitude of s tar t ing position (degrees, 0 
t o  360 degrees, o r  east  longitudes negative) 
Solar 10.7 cm radio noise flux (lo-** watts/m2) 
a t  time of  calculations. 
not go over 90 km. Use 230 for  design applications 
or consult Aerospace Environment Division (AED)  o f  
Marshall Space Flight Center (MSFC) for monthly pre-  
dictions. 
81 day mean solar 10.7 cm flux. 
does not go over 90 km. 
cations o r  consult AED,  MSFC for monthly predict- 
ions. 
Geomagnetic index ap. Use zero i f  height does not 
go over 90 km. 
conditions, or  400 for maximum conditions, or con- 
su l t  AED, MSFC. 
Date for  start ing time of calculations ( m o n t h ,  date, 
two d i g i t  year). 
period . 
Time for start ing position (hours, minutes, seconds). 
Use time corresponding t o  local time = 0900 for de- 
sign steady s ta te ,  o r  1400 for maximum \ ,wc i t ions .  
Lati tude displacement (degrees) between successive 
positions (new l a t  = old l a t  + l a t  increment). 
zero i f  trajectory positions are t o  be read i n .  
West 1 ongi tude displacement (degrees) between success- 
ive positions (new lon = old lon + lon increment). 
Use zero i f  trajectory positions are t o  be read i n .  
Height decrease (km) between successive positions 
(new height = old h e i g h t  - height increment). Nor- 
mal profiles are generated downward. 
generated profile is desired se t  height increment 
negati ve . 
Number of positions t o  be computed, not including 
in i t ia l  position. 
are t o  be read in. 
Use zero i f  height does 
Use zero i f  height 
Use 230 for design appli- 
Use 20.3 for  design steady s t a t e  
Use month 13 for annual reference 
Use 
If  an upward 
Use zero i f  trajectory positions 
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per turba t ions  (SCIDAT tape i n  Appendix A) .  Use any 
avai 1 ab1 e u n i  t number. 
U n i t  number of f i l e  from which  random perturbat ion 
da ta  a r e  t o  be read. 
RANDOM lNPUT UNIT - 
If sqme as  Groves i n p u t  u n i t ,  
QBO OPTION - 
FIRST RANDOM - 
1 NUMBER 
1 
I NMC READ OPTION - 
SIGMA U ,  V - I n i t i a l  values of standard devia t ion  for random winds, 
m/s. Use zeros  f o r  standard design appl ica t ions .  
4-D, P ,  D,  T ,  - 
NMC GRID POINTS - 
SCRATCH UNIT 
SCRATCH UNIT 
* 
t-94 z 
CY- et- 
- n SIGMA P,  D, T 
no 
"g INITIAL U ,  V - 
U 
1 means compute QBO output ,  2 means do not  compute 
QBO output.  
I n i t i a l  number f o r  random number genera tor  used t o  
compute random per turba t ions  (can be any odd positive 
in t ege r ) .  Use 1 f o r  standard design appl ica t ions .  
0 means read NMC g r id  da ta  from SCIDAT tape ,  o ther -  
wise these da ta  a r e  read from cards.  
U n i t  number for sc ra t ch  f i l e  f o r  4-D g r id  p r o f i l e s  
required i n  computations. 
number. T h i s  normally i s  a temporary drum fi le.  
U n i t  number for scra tch  f i l e  t o  store NMC g r i d  poin t  
data .  Use any ava i l ab le  u n i t  number. T h i s  normally 
is  a temporary drum f i le .  
I n i t i a l  values 0.7 random r e l a t i v e  pressure, dens i ty ,  
and temperature per turba t ions ,  percent. Use zeros 
f o r  s tandard design appl ica t ions .  
I n i t i a l  values of relative standard deviat ion (per-  
cen t )  for random pressure, dens i ty  , and temperature. 
Use zeros  for  s tandard design appl ica t ions .  
In i t ia l  values o f  random wind components, m/s. Use 
zeros  f o r  s tandard design appl ica t ions .  
Use any ava i l  ab le  u n i t  
* - Include card 3 only i f  random opt ion = 1 .  
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TRAJECTORY INPUT - Use only i f  linear profile is  no t  t o  be generated 
automatically.  
h e i g h t  (km) , l a t i t u d e  (degrees) , and west longitude 
(degrees).  
t r a j e c t o r y  pos i t i on  b u t  w i t h  any negative h e i g h t  
Val ue . 
Each record has time (seconus) , 
TRAJECTORY BACK- - Only i f  t r a j e c t o r y  input  i s  used. Same form as  a 
UP CARD 
The t r a j e c t o r y  i n p u t  cards are opt iona l ,  in  f r e e  f i e l d  format. 
I f  included, use as many cards as  necessary. 
A sample output l i s t i ng  i s  shown beg inn ing  on page 112. The input for 
t h i s  sample r u n  would be: 
CARD 1:  121.92, 57.97, 350.80, 136., 155., 9 . ,  1 ,  1 ,  73, 0, 0, 0, .O, .O, 
.O, 58, 0, 58, 0, 
CARD 2: 3 ,  3, 3 ,  4, 1 ,  1 ,  8941, 0,  12, 13,  
CARD 3: .o,  .o, .o, .o, .o, .o, .o, .o, .o, .o, 
TRAJECTORY INPUT: 0,  121.92, 57.97, 350.80, 
30, 118.82, 59.80, 352.80, 
50, 116.73, 61.00, 354.50, 
1850, 5.11, 34.61, 120.43 
1882, 3.53, 34.64, 120.47 
9999, -9.9, 99.99, 99.99, ( t r a j e c t o r y  backup card)  
Input f o r  the sample outout l i s t i n g  beg inn ing  on page 120 i s  a s  follows: 
CARD 1 :  92.9, 28.45, 80.53, .O, .O, .O, 1 ,  1 ,  73, 0, 0, 0, .O,  .O, 2., 46, 
0, 0, 0, 
CARD 2: 3, 3,  3, 4, 1 ,  1 ,  8941, 0, 12,  13, 
CARD 3: -12.7, -7.2, -5.6, 10.21, 10.43, 9.91, -18.0, -16.0, 19.96, 19.96, 
! 
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A SUMMARY OF THE ORGANIZATION OF AN 
INPUT DATA DECK IS AS FOLLOWS 
I n i t i a l  Data 
Card 1 ,  See Section 4 o r  e a r l i e r  i n  this Append 
Card 2,  See Section 4 o r  e a r l i e r  i n  this Append 
Card 3, Optional, included only i f  random option 
X 
X 
= 1  
NMC Grid Data 
Optional. Include a s  card i n p u t  only i f  this is not  t o  be read from 
the SCIDAT data  tape.  
Random Perturbat ion Data 
Optional.  Include a s  card i n p u t  only i f  the random input  u n i t  i s  5 
and these da ta  a r e  not  to  be read from the SCIDAT data  tape  or some other 
input  f i l e .  
QBO Parameters 
Optional.  
Do not  include i f  random opt ion  = 2. 
Include a s  card i n p u t  only i f  the QBO i n p u t  u n i t  is 5 and 
these da ta  a r e  not  t o  be read from the SCIDAT data  tape  o r  some o the r  f i le .  
Do not  include i f  QBO option = 2. 
Tra jec tory  Pos i t ion  Data and Backup Card 
Optional. Include if  t r a j e c t o r y ,  r a the r  than l i n e a r  p r o f i l e  generated 
by the program, is t o  be evaluated. 
More Data of the Same Kind ( S t a r t i n g  w i t h  I n i t i a l  Data, Card 1 )  
I f  addi t iona l  t r a j e c t o r i e s  o r  p r o f i l e s  a r e  t o  be evaluated, the da ta  
may be i n p u t  one set immediately a f t e r  the o the r .  The program i s  a c t u a l l y  
more efficient f o r  such multiple runs i f  the month remains the same. T h i s  
i s  because a s  long a s  the month remains the same the SCIDAT data  tape read 
can be avoided f o r  each subsequent da ta  set. 
I 
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OUTPUT OF PROFILEIS AS FOLLOWS 
JULIAN DATE 
HEIGHT, LAT, - Position and time where atmospheric parameters are 
LON, TIME evaluated 
UNPERTURBED PRESSURE 
DENSITY, TEMPERATURE 
AND GEOSTROPHIC WIND 
(monthly mean values) 
- Comguted from input  da te ,  set  equal t o  zero for month 
13 (annual average) 
Computed from Jacchia ,  4-0, or Groves - plus - s t a t -  
ionary per turba t ions ,  depending on h e i g h t .  
TOTAL PRESSURE, 
TURE, AND WIND 
Monthly means p l u s  random per turba t ions  and QBO per- 
turba t ions  DENSITY, TEMPERA- - 
THERMAL WIND SHEAR - From thermal wind equations us ing  f in i te  d i f f e rences  
of  Jacchia ,  4-0, o r  Groves - p lus  - s t a t i o n a r y  per- 
t u r b a t i  ons , depending on hei ght  . 
1 i tudes,  and random per turba t ions  and magnitudes 
Perturbat ions are those w h i c h  were added t o  monthly 
means t o  produce t o t a l  results o u t p u t .  
PERTURBATION - Sta t ionary  per turba t ions ,  QBO per turba t ions  and amp- 
VALUES 
Following i s  a l i s t i n g  o f  sample output from the PROFILE program. I n i t -  
i a l  lines of o u t p u t  a r e  merely l i s t i n g s  of the i n p u t  da ta  for easy reference. 
These listings a r e  provided t o  ind ica t e  formats and kinds o f  i n p u t  and out- 
p u t  da ta .  
page 109. 
For a l i s t i n g  o f  the i n p u t  cards f o r  these sample outputs ,  see 
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APPENDIX C - PROFILE PROGRAM LISTING 
Followins i s  a listing of the PROFILE program. The subroutines 
are in order alphabetically. 
ing are relative addresses and consecutive record numbers. 
numbers containing a three character subroutine code and a five digit 
Numbers on the le f t  hand side of the l i s t -  
Sequence 
number appear on the right o f  the printout. 
requirements, and a listing o f  the identifiers used appear a t  the be- 
ginning o f  each subroutine. 
Information on the storage 
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APPENDIX D - SUMMARY OF PROGRAM CHARACTERISTICS 
(Program Operating Env i  ronment) 
1 .  Hardware 
a .  Computer - Univac 1108 
b .  
c .  Magnetic Tapes - All t apes  a r e  7 t r a c k s .  Tapes requi red  a re :  
Core Requirements - s l i g h t l y  under 32 K words 
1 program t ape ,  1 "SCIDAT" da ta  t a p e  ( s e e  pages 7-10 and 
51-106), from 1 t o  4 4-D d a t a  t a p e s ,  depending on the num- 
ber o f  months Lo be used under cont ro l  o f  one r u n  card  
(see pages 4-6) .  
d .  Card Punch  - Standard ca rd  punch requi red  i f  opt iona l  card  
output  is  s e l e c t e d  ( s e e  page 108). 
e.  P l o t t e r  - None requi red  
f .  Drum o r  Disk - 2 temporary drum f i les  a r e  requi red .  No perm- 
anent  drum o r  d i sk  f i l es  a r e  c rea t ed  by a program r u n .  
Optional punch  ou tput  could e a s i l y  be converted t o  come o u t  
on permanent drum o r  d i sk  f i l e  i n s t e a d .  
g. Other Hardware - None 
2.  Software 
a .  
b .  
Operat ing System - EXEC 8 
Language - FORTRAN IV (UNIVAC FORTRAN V )  
c. Type of  Run - Batch 
d .  L ibrary  Subrout ines  - None 
e.  Program Overlays - (Optional 1 see page 39 
20 3 
3.  Program Spec i f i ca t ions  
a .  Common - See pages 40-44 
b .  Program Segments - See pages 39-50 
c .  Program Subroutines - See pages 32-36 
d .  Lis t ing  - See pages 126-202 
e .  Flow Charts - See pages 3 ,  33, 37, and 38 
f. Sample Input - See pages 107-110, and 11-21 
g.  Sample Output - See pages 111-125, and 22-27 
h. Diagnostic Messages - See pages 28-31 
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